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LETTER OF TRAITSMlTTAL. 



Department op Agricui^ture, Insurance, Statistics, and Histoiiy. 

Geow)Gicai, Survey of Texas. 

Austin, Tbxas, February 20, 1892. 

Hon. J. E. Hollingsworth, Commissioner of Insurance, etc., Austin, Texas: 

Dear Sir — I transmit herewith for publication as Bulletin No. 1, 
two articles which relate to work done previous to the organization of 
the present Survey. 

The first of these, entitled ** Artesian Water on the Llano Estacado" 
was found among the papers of Dr. George G. Shumard which were 
loaned to the present Survey by his family. I have been- unable to find 
it in print anywhere. Although a very brief statement, it contains facts 
which are very important in their bearing on the artesian water supply of 
Western Texas, and it is therefore put into this form in order that it may 
be available. 

The second article, *' Report and Analyses of Texas Sumach,'* by 
Geo. H. Kalteyer, is the result of work taken up by Mr. Kalteyer at 
the request of Hon. Jno. W. Glenn, State Geologist in 1874. The 
value of Texas sumach (and of mesquite also) in tanning was practi- 
cally tested during the years 1861 to 1866, but this is the earliest experi- 
mental work with which I am acquainted which endeavors to show by 
careful analysis the actual and comparative value of the variety of 
sumach which occurs here in quantity. 

Yours very truly, 

E. T. DUMBLE, 

State Geologist. 
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ARTESIAN WATER ON THE LLANO ESTJ^CADO. 

•>■•.■ 

REPORT OF DR. G. G. SHUMARD TO CAPT. JOHN.I*&^E. 

May ls;t;'i856. 

Sir — In obedience to your instructions of April 22nd, I Ifaife; care- 
fully reviewed my notes and sections taken between this point JArf^i^t 
Guadalupe mountains, and made such additional geological examine 
tions in this vicinity as I deemed necessary in order to determine t^te, '- 
practicability of obtaining water by means of artesian wells at or near/ ; 
the point selected for the present experiment, and would respectfully 
submit the following as the result: 

The region known as the Llano Estacado or Staked Plains, upon 
which the well is located, may be considered, geologically, as forming 
but a portion of a continuous slope which extends from near the eastern 
base of the Rocky Mountains east to within a short distance of the 
western borders of the settlements. This slope is composed of strata 
belonging principally to the upper portion of the Secondary period and 
presents generally geological conditions in the highest degree favorable 
for water by means of artesian wells. What these conditions are it is 
unnecessary for me at this time to state, inasmuch as the subject has 
already been fully discussed in your report of 1855. I will merely add 
that so far as they relate to the subject under consideration, the leading 
conclusions at which you had then arrived have been fully borne out 
by my subsequent examinations. But favorable as these general con- 
ditions are, there are nevertheless certain local exceptions which, 
wherever they occur, may greatly influence the success of experiments 
for water by means of artesian borings, and should on that account, 
whenever practicable, always be carefully avoided. Among these may 
be mentioned great local flexures or contortions of the strata and the 
occurrence of deep valleys of denudation. The former, as they are 
often accompanied by more or less rupture of the layers, may operate 
by either diverting or entirely arresting underground currents of water, 
while the latter, whenever they occur between the point of entrance, 
or source of supply, and that from which water is attempted to be 
obtained by artesian borings, must necessarily always tend to render 
the results of such experiments exceedingly doubtful. 

The accompanying sections will show that the results of the present 
one may not be entirely uninfluenced by one or both of these causes. 

Section No. 1 exhibits a deep valley of denudatioa which extends 
from near the southern extremity of the Guadalupe mountains east, 
through the distance of twenty-two miles, to the head of Delaware 
creek. Not taking into account the underlaying sandstone, portions 
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of which have also st|ffe^a largely in the same manner, the thickness 
-of solid strata here, tfemoved by denudation cannot fall far short of one 
thousand feet. .96^ far this valley extends north of the line of sur- 
vey, I am at |>r&s^)dtt unable to determine, never having had an oppor- 
tunity of carcyiog my examinations in that direction, but inasmuch as 
"we have cerbaik evidence that the causes producing it have operated 
^th mucK greater force south than immediately to the north of that 
line, it jfe pbssible that it may not extend suflSciently far in the latter 
direction to interfere with the success of the present experiment. But 
^ itpiay prove to be otherwise, I am of the opinion that the proba- 
^n biffty of success would have been increased had the well been located 
/'ien or fifteen miles further north. As this opinion may be objected to 
•*v on the ground that the edges of the strata are still exposed at the dis- 
tance of twenty-two miles from the mountains, and may there serve as 
sufficient receptacles of atmospheric moisture, I would state that I 
have no positive evidence that the amount of rainfall is there sufficient 
to supply water at the distance of forty or fifty miles by means of arte- 
sian wells, but even admitting that such should be the case, it is evi- 
dent that the supply thus obtained would be likely to be far less con- 
stant than when procured from the immediate vicinity of the mountains, 
where all the requisite meteorological conditions are supposed to exist. 
Section No. 2 is taken from near the east bank of the Rio Pecos at a 
point situated about eight miles west of the well. Here we have the 
strongest evidence of disturbance, the strata being deeply folded, por- 
tions of their anticlinal axes denuded, and dipping in different direc- 
tions at angles varying from forty-five to fifty degrees. These flexures 
have been traced from near the mouth of Delaware creek to within a 
short distance of our present camp; how far they extend in the oppo- 
site direction I am unable at this time to state, as satisfactory sections 
have been witnessed only in the immediate vicinity of the river, the 
geology of the country both to the east and west being obscured by 
thick deposits of much more recent origin. 

Inasmuch as this region of disturbance lays immediately to the 
west of the well, it may, even should its eastern limits not extend 
more than a mile or so from the Rio Pecos, tend to interfere with the 
present experiment, and furnishes an additional argument in favor of 
the selection of some other locality for testing the practicability of 
obtaining water by the means proposed on the Llano Estacado. 

In conclusion, I would state it as my opinion, that should the pres- 
ent experiment prove successful, the result will be of additional value 
as tending to show that water may here be procured even under un- 
favorable circumstances; while on the contrary, should it prove other- 
wise, and a supply fail to be brought to the surface, such failure will be 
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no evidence that water cannot be obtained upon the Llano Estacado 
by means of artesiaii_uells : — — 




A, Guadalupe MoTintaintstone. 2. Coarse jellow and gray qnartzose sandstone. 
3. Rbynchonella bancalcareous conglomerate. 9. Upper Fusulina bed. 
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tending to show that water may here be procUf^^ ^7^^ under un- 
favorable circumstances; while on the contrary, sixo^^^ ^^ prove other- 
wise, and a supply fail to be brought to the surface, ^^^^ ^^^lure will be 
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no evidence that water cannot be obtained upon the Llano Bstacado 
by means of artesian wells. 

I am, sir, with much respect, your obedient servant, 

Geo. G. Shumard, 
Surgeon and Geologist P. R. Survey. 
To Captain John Pope, 

Corps Topograpical Engineers, 

In charge of Pacific Railway Survey. 
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REPORT AND ANALYSES OF TEXAS SUMACH. 



BY GEO. H. KALTEYER, CHEMIST. 

Sir — I have the honor to offer the following report and analyses of the 
sumachs found in the State of Texas, as well as a comparison of such 
as are found in the other States of the Union and those produced in 
Europe. 

At your request I commenced the analyses of **Texas Sumach/* or 
Bhits Copallina^ in the month of July, 1873, with the view of resolving 
the following doubtful points, viz: 

First. What period of the year is most favorable for the collection 
of the article? 

Second. How much of marketable sumach will one hundred pounds 
of the green article give? 

Third. What percentage of tannin is found in the various parts of 
the plant, such as the leaves and young branches, the stems, the ber- 
ries, the roots and the bark of the roots? 

Fourth. What method shotild be adopted to prepare the article for 
market, having special reference to its economy and value? 

Fifth. How does the Texas sumach compare with that produced 
in other places and now found in market — especially in its comparative 
richness in tannin? 

Having clearly defined the points of interest to be ascertained, I pro- 
pose before touching the subject to be answered to give a brief sketch 
of the plant, its history and uses. 

The sumach is a small tree or shrub of the natural order Afiaca- 
diacce, and is represented by the single genus Bhus, which implies the 
color of the berries. 

The shrub is found in various parts of the United States and in South- 
ern Europe. There are many species of the plant, but I shall confine 
myself only to those used in commerce. 

In Europe we find of the species the Bhus Coriaria and -R. Cor- 
tinua — these are known in the commercial community as the * ^Sicilian 
Sumach;** the R. Myrtefolia is another species growing in the vicinity 
of Avignon and Montpelier, in France; in Spain as well as Portugal we 
find the plant again growing, but of an inferior quality; in the United 
States we find the R, 7)/phina^ or Stag-horn Sumach, the height of 
which is about twenty feet; then thei2. Glabra, or Smooth Sumach, 
fi-om four to ten feet high, whose leaves spread out; following this we 
find the R. PumUa, a species chiefly found about the barrens of Georgia 
and North Carolina, of a dwarfish height, varying from one to seven 
feet; in Vermont we find the R. Aromatica^ which is also dwarfish and 



14 Report and Analyses of Texas Sumach, 

• 

of a straggling character, known as the ** Fragrant Sumach,'* and found 
as well westward as southwestward of that State. In the southern part 
of Florida we encounter the R. Metapinm, which attains a height 
somewhere about twenty feet; in Alabama we see yet another species, 
the i?. Cotinoides, which, in the opinion of Gray, is the H. Cotinva 
(an exotic), or the ** Venetian Sumach, or Smoke Plant/' 

Through the kindness and aid of Mr. Ferdinand Lindheimer, a gentle- 
man well versed in botany and thoroughly informed on the subject as 
it pertains to this State, I have been able to collect that species in which 
we are most interested, viz: the Rhus CopcUlina or **Dwarf Sumach;" 
this latter name was obtained for it in the Northern States, where it is 
found of a diminutive size; here in Texas we find it reaching the height 
of sixteen feet, with branches and petioles, pubescent leaflets nine-twenty- 
one, oval, lanceolate or oblong, acute or acuminate, shining above, pubes- 
cent beneath, unequal at the base, petiole winged, panicles terminal, 
thyrsoid, sessile, sometimes leafy, drupes red, hairy (vide Gray and 
Torrey Flora North America). 

Another species, the R. Trilohata, is found growing on the edge of 
thickets or in rocky districts. 

Mr. Lindheimer has discovered in this State two other species, which 
he has named as the R. Viren^ and R. Mycrophilla, the Urst of 
these the Comanche Indians use as tobacco which they smoke, the other, 
a very high shrub and of very rare occurrence. 

Thus it will be seen that this State produces also its varieties of the 
species, the most abundant, however, being the R. Copallina. 

The uses to which this article is applied are in tanning and dyeing. 
The leaves (previously dried and ground) are used to tan fine Moroccos, 
and other light leathers, such as the skins of sheep, goats, etc., and 
the coloring matter produced also by a decoction of the leaves, is 
used in dyeing cotton, etc. These dyes are thus formed: the fabric 
having been immersed in the mordant (which is a solution used 
to fasten the color) of sulphate of zinc, yields (after it passes through 
the decoction of the sumach leaves) a brownish yellow color; a mordant 
of tin renders the fabric yellow; with acetate of iron (weak or strong) a 
gray or black. The bark of the R, Glabra or Smooth Sumach is 
used as a mordant for red colors. 

TEXAS SUMACHS. 

Commercially, those sumachs have the greatest value which are most 
abundantly supplied with tannin, hence to determine its qualities in 
this respect, I have carefully collected our species, the R. Copallina^ 
bi-monthly, and ascertained the amount of tannin contained in the differ- 
ent parts, as well as the loss by drying, as seen in Tables Nos. 1 and 2. 

The sumach was collected at a point, fifteen miles northwest of this 
city, on the Helotes creek, and was always gathered at the same place. 
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TABLE NO. 1. 
Comparison of Leaves, Sterns^ Berries and their loss in drying, 

1 100 parts of green 100 parts of green *?J P^^h n^l?f!° 

I Sumach give. leaves, stem! and ,f "^"f^ij. ^ntr^f?; ^ , 

berres gave dried. ^^^^^^P^J^f^*^*^' 
I " gave anea. 
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July 



12 WM 
26| 67.66 
9 66.26 
23' 62.60 
10 64.69 
Sept. 20> 60.00 
Oct. 11, 60.00 
Nov. 1 ' 60.98 



I Aug 

Aug. 

ISept. 
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33.34 
32.43 
33.76 
37.60 
21.87 
23.76 
21.43 
17.66 
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Remarks. 



28.12 
27.60 
32.16 
32.29 



38.70 
43.00 
46.28 
66.00 
61.43 
67.50 
46.42 
69.61 
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V 
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CO 



60.00 
46.87 
63.12 
66.88 
60.00 
60.52 
62.06 
61.11 



t 

n 



44.44 

69.09 
86.00 
90.62 



a; 

► 



26.80 
29.06 
30.00 
34.37 
31.26 
28.76 
22.11 
30.39 



Began to flower. 

Flowers. 

Flowers fully developed. 

Berries appear. 

Berries 

Berries. 

Berries but young branches 



TABLE NO. 2. 



Commercial 
Dry.. 



ShoTcing the percentage of Tannin. 



Dried in Air Bath at lUO degrees Cent. 



No. Xeaves.Xeaves. Stems. Berries. Roots. :Bark of Root.s. 



Remarks. 



1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 



16.88 
15.14 
17.29 
21.82 
19.02 
18.76 
17.87 
21.08 



m I 



21 
21 
17 
22 
19 
18 
18 
21 



.87 
.18 
.41 
.76 
.26 
.86 
.00 
.73 



2.50 
1.99 
3.20 
3.84 
2.90 
3.79 
3.09 
4.24 



Be^an to flower. 

, Flowers. 

Flowers fully developed. 

7.71 . . . I Berries appeared. 

6.67 ... I Berries. 

6.42 . . . i Berries. 

5.93 7.34 ' 13.50 , Berries, but small. 



I have also taken occasion to observe what influence rain and moisture 
had upon the chemical constituents of the plant; for that purpose I ob- 
tained the following table from * *Dr. Peterson, Meteorological Observer, ' ' 
of this city, showing the days of rain and frost during the period of 
growth, which proves that the vegetation of this year was thrown back 
one month, and as a consequence, had the seasoij not been unpropitious, 
we should have been able to collect it one month earlier. 
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TABLE NO. 3. 

Skewing Frost and Rain/all During First Ten Months of 1873 —LaU Spring 
Frost, March 28, Aftril 9, and X^—Days of Rain and Rainfall, 

^^*^ ^^■***- Da^ Inches. 

January 3 0.68 

February 7 0.43 

March 9 2.43 

April 2 0.58 

May ... 4, 5, 9, 22, 26, 27, 30, 7 4.34 

June ... 1, 2, 3, 4, 5, 6, 7, 10, 11, 14, 15, 16, 18, 19, 20. 21. ... . 16 9.37 

July ... 17, 18, 19, 24, 29, 5 2.56 

August . 10, 12, 17. 21, 24, 25, 27, 7 1.89 

September 10, 11, 12, 13, 27, 5 5.94 

Ck:tober . 16, 17, 18, 23, 25. 5 3.96 

Total 66 32.18 



Having given the history and uses of the subject of this report, I 
propose, by aid of the tables above, to exhibit a tangible answer to the 
five propositions contained in the beginning <^ this report. 

By an observation of Table No. 1, it will be seen that the weight of 
the leaves increased until the appearance of the berries, and on being 
dried and ground the largest percentage was obtained in the latter part 
of the month of August; therefore the proper period for collection is 
from the time of flowering, say in June, until the berries commence to 
appear in August. The latter part of the first month should be the 
favorable season to commence, and end in the latter part of August. 
The flowers may be gathered with the leaves. 

The same table shows that one hundred pounds of green shrub pro- 
duced 34.37 per cent of dried leaves fit for commerce; hence three tons 
of the green substance will produce one ton of commercial sumach. 

The third proposition is answered by Table No. 1, and it will there 
be seen that the proportion of tannin contained in the various parts of 
the plant increases in the ratio to the sum of its weight, and vice 
versa, so that by the proper gathering season, we have twent>'-two and 
seventy-six hundredths per cent of the desideratum (tannin). By refer- 
ence to the table it will also be seen, that the most valuable part of the 
plant is its leaves, the rest being comparatively useless. By reference 
to Table No. 3, it will be seen that the hea\'y rains which fell in Sep- 
tember and October had a tendency to increase the amount of tannin 
in the last collection, made November 1; hence the proof, that a rainy 
season is beneficial to the production of tannin. The same holds 
good for its production in August, as by reference to the same table it 
will be observed that there was a heavy rainfall in the months of May 
and June, and consequently an increase of tannin. 

I propose to prepare the article for market by first cutting the youngest 
branches (latest growth) including flowers, permitting them to lie on 
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the ground for one or two hours, and then removing them to the place 
of drying, which process should be conducted by the aid of heat mod- 
erately applied until dry, (the heat not to exceed 80 degrees C. or 176 
degrees Fahrenheit.) I prefer this process (kiln drying) to the others 
in use as having given the good results now offered in this report. In 
Sicily the leaves are thinly strewn on a meadow, and there driedin the 
sun; but great care must be taken to keep them out of dew and rain, 
as moisture aids fermentation and consequently destruction of tannin. 
In Virginia drying is employed by means of the shade. Having dried 
the leaves by one or the other of these processes, they should be well 
threshed, and all the detached leaves with their flowers and small 
stems, should be gathered and carried to the mill, where, after being 
ground, they should be sifted and packed in bags forty by sixty inches. 
(Fifteen bags to the long ton of twenty-two hundred and forty pounds, 
the article always being sold by that weight.) 

I propose that the mill to be used should be such as may be found 
engraved in the Agricultural Report of the year 1869 of the United 
States Commissioner of Agriculture, and which can be found on page 
232. The mill consists of a heavy solid circular bed of wood, marked 
"A" in engraving, fifteen feet in diameter, with a depression around 
the edge, **B," a few inches deep and a foot wide, for the reception of 
the ground sumach from the bed, and two chasers or rollers, **C C," 
weighing about two thousand five hundred pounds each, five or six 
feet in diameter, and provided with teeth of iron, or preferably of wood, 
thickly inserted. If the axle of a cart were set upon a pivot in its 
center, the wheels of the cart would describe a compound revolution 
similar to that of the chasers of a sumach mill. Most mills have to 
be stopped to allow the unloading of the bed, but a process exhibited 
in the engraving has been patented by Mr. Chase, of Alexandria, Vir- 
ginia, which obviates this delay. The apparatus consists of an angular 
arm. **D." attached to a scrajier, '*E E," and worked by a lever, '*F,*' 
which passes through the hollow shaft, **G," and extends to the room 
above, where it terminates in a handle, as seen in the section at the top 
of the engraving. The scrapers carry the ground sumach to the open- 
ing, **H," whence it is carried by an elevator to the sieves, such as is 
common in flour mills, and the grinding is done by the application of 
the upright shaft, '*G," between the chasers, which moves them. 

The price of such a mill as described in the Agricultural Report is 
about three thousand dollars. But a mill on the same plan can be con- 
structed by almost any mechanic for a less sum — that is to say, it will 
answer the same purpose, without being so elaborately factored. In 
Europe the mode of grinding is by stones on a smooth stone bed. 
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INTRODUCTION. 



The question of irrigation along the upper Rio Grande being one of great 
importance to the citizens of El Paso County and to the State generally, it 
was decided that an examination of the soil and water of that section should 
be made in order that there might be proper data from which to discuss the 
feasibility of irrigation should a suitable dam be built above El Paso. Prof. 
H. H. Harrington, of the Agricultural and Mechanical College, was selected 
to make the investigation, and in the report herewith submitted he gives the 
results of his work. 

To this is added a like discussion of the soils ot the Pecos Valley and 
water of the Pecos River. These specimens were collected under the instruc- 
tions of this department by Mr. B. K. Brant, and represent the characteristic 
soils of that region. 

The results show clearly the absolute necessity for just such investigations 
as are here recorded. The examination of the soils of the Rio Grande and 
Pecos valleys proves that they are equally fertile and that both need only 
the requisite supply of suitable water to render them highly productive. 

Irrigation has been carried on for years on the Rio Grande, and the results 
obtained in practice fully corroborate those brouglit out by the chemical an- 
alyses of the water of that river as regards its entire suitability for irrigation, 
if it can be obtained in proper quantity. 

Preparations are now being made to use the water of the Pecos River for 
irrigating the lands lying in the valley. The analysis of this water shows 
that it contains so large a quantity of salt as to make it advisable to proceed 
with the utmost caution in this work. It is true that salt, being readily sol- 
uble in water at all temperatures, would bo carried off to a greater or less ex- 
tent by the rains falling upon the soil during the year, but it would seem 
rather a dangerous experiment to put the amount of salt as shown upon soils 
already amply supplied with alkaline material, even with all the possibilities 
of its being leached out again by later rains. The danger is more fully 
shown if we take into consideration the existence of such spots as are de- 
scribed under soil specimen No. 4, which offer strong proof that the rainfall 
is entirely insufficient to accomplish a work of this kind. 

The results of the analyses of the Pecos water are fully verified by the 
report of Mr. C. C. McCulloch, Jr., of this Survey, who made a personal ex- 
amination of the river and new canal. He says: "The banks of the river 
are lined with incrustations of salt left by the evaporation of the river water, 
and present a very white appearance to the eye. The sides of the canal are 
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similarly incrusted, and the salt appears in places in •spots on the ground. I 
did not observe any salt spots in the freshly irrigated fields. The water does 
not taste salty and is used for drinking purposes." (It requires over 150 
grains of salt per gallon to give any salty taste at all.) 

The difference in the character of the water of the two rivers is readily 
explainable, being due entirely to the difference in composition of the geologic 
formations through which they pass. The Rio Grande flows down through 
the harder materials of the Rocky Mountains, and carries little besides red 
clay in suspension, while the Pecos cuts through the softer strata of the 
Fermo-Jura-Trias, containing beds of salt and gvpsum. It must be fully un- 
derstood, however, that the conclusions reached concerning the use of Pecos 
River water apply only to that stream and not to the various other sources of 
water supply in the Pecos country. 

One very valuable fact brought out by this investigation is the relation ex- 
isting between the amount of lime contained in certain soils in Western 
Texas and the difference of vegetal growth thereon — those low in lime bear- 
ing only cacti and those containing a higher percentage carrying a fine 
growth of mesquite. The importance of this determination is immediately 
apparent to any one who has ever seen the treeless expanses of Western Texas. 

The results shown and conclusions reached by Prof. Harrington are pre- 
sented with the hope that they will prove of especial value to those in any 
way interested m Western Texas, and as showing most plainly the intimate 
relations which exist between chemical geology and many questions of prac- 
tical agriculture. 

E. T. DUMBLE. 
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H. H. HARRINGTON. 

Frofeasor of Chemistry and Mineralogy^ Agricultural and Mechanical 

College of Tfem* 



Mr. E. T. Dumble, State Geolo^nst: 

Sir— Having been detailed by your Survey for special work upon the 
soils of the upper Rio Grande valley in this State, and for an inquiry into 
the economic aspects of that country as related to agriculture and its allied 
arts, I have the honor to present herewith my report on the work done. 

The analytical part of the work was executed by Mr. P. S. Tilson, chemist 
of the Geological Survey, at the laboratory of the Agricultural and Mechani- 
cal College. 

I beg to acknowledge the many kindnesses shown me in camp by Mr. 
W. H. Streeruwitz, geologist for Western Texas, sp)ecial favors by Messrs. 
Rubenstein and Buchanan of Ysleta, Mr. S. J. Etheridge of San Elizario, 
and the courtesies of the railroad employes at Sierra Blanca. 

Yours, very truly, 

H. H. HARRINGTON, Chemist. 

Agricultural and Mechanical College of Texas, 
December 1st, 1889. 
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UPPER RIO Q-RANDB VALLEY IN TEXAS. 



The investigation into the character of the soils of the upper Rio Grande 
Valley as planned, consisted of a personal examination of that part of El 
Paso County adjacent to che Rio Grande from El Paso to a line below the 
site of Fort Quitman, for the purpose of ascertaining the character of soils 
and of the water supply, with especial regard to their capacity and suitability 
for irrigation. 

The scope of country investigated is some eighty miles in length and from 
two to six miles m width, varying with the breadth of the valley, upon 
the Texas side of the Rio Grande, and having an average width of about 
three miles. For this entire length the valley is either traversed or skirted 
by the G. H. & S. A. R. R. and the T. & P. R. R., these railways using the 
same track from El Paso to Sierra Blanca, ninety miles southeast. For about 
thirty miles below El Paso the greater part of the valley is now under culti- 
vation. In many instances the orchards and vineyards are brought up to the 
highest state of perfection, rivaling in beauty and value those of the Pacific 
Slope. Many varieties of grapes are grown in the most satisfactory manner. 
Pears, peaches, apples, and plums are also found in many different orchards. 
Vegetables of almost every variety and melons of different kinds give the 
most satisfactory returns to the market gardener. Of the farm crops proper, 
corn, oats, wheat, rye, and alfalfa seem to be the most important. Alfalfa is 
grown in great quantity and, as represented by responsible and prominent 
farmers in the valley, very profitably; from two to four cuttings are made 
during each season, and from two to three tons to the acre are produced at 
each cutting, the value of which is from ten to fifteen dollars per ton. These 
variations in the quantity raised are dependent almost entirely on the supply 
of water for irrigation. The supply of irrigating watei* as managed at pres- 
ent is entirely inadequate to meet the demands of the valley, or even to prop- 
erly supply that portion of it now under cultivation. In many instances a 
crop is entirely lost from a want of a supply of water at the proper time, and 
often water is obtained too late to give anything like satisfactory results. In 
consequence of this and of the class of farm laborers employed, farming 
proper is very improperly managed and conducted. Most of the Americans 
living in the valley give their attention to viticulture, orchards, or market 
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gardening. The farms are generally rented by Mexicans, whose system of 
agriculture is very crude. They use no improved implements and do their 
cultivating entirely by hand, which of course operates very much against the 
rapid development of the country in this direction. As a proof of this state- 
ment, and of the scarcity of the supply of water at present, I need only say 
that land valued at from twenty to forty dollars an acre can be rented at from 
twenty-five cents to one dollar an acre. It is true that this is in part ex- 
plained by the land being held at speculative prices; but the same conditions 
must prevail to a large extent until the system of labor is changed and agri- 
culture be conducted more in accordance with the recognized principles of 
that industry. 

SOILS. 

The soils of the valley may in a general way be divided into three classes: 

First — The heavy "adobe" soil of the river deposit. 

Second — The sandy loam, being an intimate mixture of the adobe soil 
with the sand of the foothills adjacent to the valley. 

Third — The sandy soil, containing an excess of the sand from the foot- 
hills. 

The adobe soil is the most difficult to cultivate, is plastic, and is generally 
supposed to contain a larger amount of alkalies than either of the other soils. 
The sandy soil is regarded as the best adapted for vegetables and alfalfa, 
while the sandy loam, which is the predominating soil, is used for various 
crops. 

Adobe Soil. — This soil was taken from the valley between El Paso and 
Juarez (Paso del Norte), Mexico. So far as could be judged it was selected 
as a typical "adobe" soil. 

CHEMICAL ANALYSIS. 

Per Cent. 

Volatile and organic matter 9. 1 7 

Soluble silica 0.21 

Insoluble silica 76.01 

Ferric oxide 3.20 

Alumina 4.04 

Phosphoric acid (anhydrous) 0.12 

Sulphuric acid (anhydrous) 0.31 

Lime CaO 3.53 

Carbonic acid gas 2.05 

Alkalies as chlorides 3.24 

101.88 
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MECHANICAL ANALYSIS. 

Per Cent. 

Siftings 15.39 

Sand, .25 to .05 ram 39.71 

Silt, .05 to .01 ram 4.97 

Dust, .01 to ram 24.01 

Clay (by difference) 4.79 

Loss on ignition 1 1.13 

100.00 

The soil gives a faint alkaline reaction in cold solution ; distinctly alkaline 
on boiling. The chemical analysis makes a good showing for the soil. The 
"chlorides" consist principally of common salt. The quantities of organic 
matter, lime, iron, sulphuric and phosphoric acids, are such as are found only 
in productive soils. 

Sandy Loam. — The following is the analysis of two samples of the sandy 
loam soil from near San Elizario Station, about thirty miles below El Paso. 
There is little difference in the analyses of the two samples, and comparatively 
little between these and that of the "adobe" soil, except that the quantity 
of sand is considerably increased while the organic matter is very much less. 
There is, according to the popular opinion, a slight excess of alkalies in the 
"adobe" soil. From the examination made I think that this slight excess 
will prevail throughout the entire valley. The alkalies in these samples also 
consist principally of common salt. There appears to be little of the highly 
corrosive carbonate of soda in any of these soils which is so prevalent in the 
waters and soils of California and States and Territories of the Northwest. 

CHEMICAL ANALYSES. 

1 2 

Organic and volatile matter 4.48 4.45 

Soluble silica 0. 12 0. 13 

Insoluble silica 82.43 82.37 

Ferric oxide 3.04 2.24 

Alumina 1.67 1.95 

Phosphoric acid (anhydrous) 0.29 0.36 

Lime 3.68 3.79 

Magnesia 0.15 Trace 

Sulphuric acid (anhydrous) 0.94 0.28 

Carbonic acid gas 2.06 2.46 

Alkalies as chlorides 2.54 3.03 

101.40 10L06 
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MEOHANICAL ANALYSIS. 

Per Cent. 

Siftings 1.91 

Sand, .25 to .05 ram 78.02 

Silt, .05 to .01 mm 7.48 

Dust and clay, (.01 to mm. by difference) 5.82 

Loss on ignition 6.77 



100.00 



The analyses of these two examples of this soil fully explain and sustain 
tha great fertility shown in tlie practical cultivation of the crops. The small 
percentage of sulphuric acid and the comparatively large amount of carbonic 
acid shows that the lime is present as limestone or carbonate, and not as gyp- 
sum or sulphate. 

The quantity of alkalies, soda and potash, as reported in all these soils, is 
much larger than is generally found in soils. It is a well known fact that an 
excess of common salt is injurious to plant growth. But exactly what con- 
stitutes this excees has not, so far as I know, been determined ; but it is cer- 
tain that the maximum limit has not been reached in the case of these soils, 
as is evidenced by their exceeding fertihty. In certain cases small quantities 
of salt are beneficial to land, and it frequently gives good results when ap- 
plied as a fertilizer; but the quantity in which it is applied is never sufficient 
to constitute anything but a small fraction of one per cent of the soil. In 
these cases its office seems to be not to act as plant food itself, but to decom- 
pose the double silicates of lime and potash and set them free and render 
them available as plant food. When there is a slight excess of salt it checks 
the rank growth of plants, and if the excess is considerable the plants will 
be destroyed entirely, particularly if the salt comes in contact with the roots 
of young plants. It has also been determined in case of certain alkali soils 
that were entirely barren that by decreasing the quantity of alkali the soil 
was restored to fertility ; but so far as I can ascertain the maximum quantity 
of alkali that any one crop would tolerate and still thri e and do well has not 
been determined. The character of the soil would undoubtedly have great 
influence in this matter. The consideration of this question is of great im- 
portance in certain districts where the soil already contains considerable 
quantities of alkali and is to be irrigated with a water also carrying alkali in 
solution, which amount is to be added year by year to the amount already 
accumulated in the soil. 
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CHEMICAL ANALYSES OF SOILS FROM FOOTHILLS AROUND SIERRA BLANGA AND 

BORDERING THE RIO GRANDE VALLEY. 



Oniranic and volatile matter. 

Soluble silica 

Insoluble silica 

Ferric oxide 

Alumina . . 

Phosphoric acid (anhydrous) . 

Lime, CaO 

Magnesia, Mji^O 

Sulphuric acid (anhydrous) . 

Carbon dioxide 

Potash. KgO 

Soda, XjijO 



No 1. 


No. 2. 


No. 8. 


No. 4. 


No. 5. 


8.33 


4.19 


7.65 


3.10 


4.26 


0.44 


0.73 


0.29 


0.17 


0.13 


78.63 


88.26 


74 85 


66.66 


81.88 


7.44 


1.44 


4.08 


2.88 


3.36 


2.22 


1.12 


3.84 


1.45 


2.70 


0.34 


0.25 


0.60 


0.21 


0.19 


0.67 


1.28 


3.83 


13.65 


3 84 




Tmce 
0.58 


Tmce 
73 


96 
Trace 


0.81 


. . . 
O.-^S 


0.78 


Trace 


O.GO 


2.13 


9.52 


2.10 


0.52 


33 


0.43 


0.47 


0.26 


O.JG 

1 


0.78 


0.85 


0.29 


0.67 


99.33 


90.57 


99.28 


99.25 

■ 


101.26 



No. 1 comes from ten miles north of Sierra Blanca, and is a red sandy soil. 

No. 1 is from the valley three miles northeast of Sierra Blanca. 

No. H is from ten miles west of north of Sierra Blanca, the grass being ex- 
cellent. 

No. 4 is from eight miles south of Sierra Blanca. The grass is good, and 
an excellent growth of mesqiiite brush. 

No. ') is from Sierra Blanca. 

The noticeable features of these soils are the large quantity of iron they 
contain, and the comparatively large amounts of potash and phosphoric acid, 
excepting nitrogen, the two most valuable ingredients a soil could contain. 
The percentages of lime, carbonic and sulphuiic acids are rather small for 
Texas soils, but still sufficiently large for agricultural needs. One important 
fact, however, should not go unnoticed. In No. 4 the quantities of lime and 
carbonic acid are both large, showing that the lime is present as the carbon- 
ate; and on this soil there is not only a good growth of grass, but the mes- 
quite underbrush is thick and weighted with fruit. This is an exception to 
the general growth of the foothills. Usually there is plenty of nutritious 
grass, but little else except cacti. In the spot where No. 4 was collected the 
cactus is entirely replaced by the mesquite. In a general way, we may say 
there is little doubt but that lime applied to these soils, either as the sulphate, 
gypsum, or as the carbonate, would be beneficial. The absence of "alkalies" 
is a very fortunate characteristic of the soils. 

ALKALI SPOTS. 

The Rio Grande valley, as 1 observed it, is dotted with spots of alkali. 
They seem to occur irregularly, anywhere in the valley. Sometimes they 
have been brought into cultivation, but more frequently they are left alone as 
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not being worth the trouble and expense of reclaiming. They vary in area 
from one-fourth of an acre to eight or ten acres. I have submitted the in- 
crustation of some of the uncultivated spots to a partial analysis: 

SOIL INCRUSTATION. 

Black alkali. — From Ysleta, Texas — 

Per Cent. 

Lime 4.48 

Sulphuric acid (anhydrous) 6.39 

Carbonic acid gas 2.23 

Soda (oxide of sodium) 1 1.23 

Potash (oxide of potash) . 09 

Chlorine 6.53 

The soda is present as chloride, sulphate, and carbonate; the lime as silicate 
and carbonate. This analysis represents a sample of what is known as "black 
alkali," to distinguish it from a white incrustation, which is known as " white 
alkali." As far as observed by me the chief difference between the two is 
the more complete sep-^ ration of sodium chloride in the *' white alkali." An- 
other specimen from the valley ten miles below Fort Hancock gave on par- 
tial analysis: 

Per Cent. 

Lime 7.73 

Sulphuric acid (anhydrous) 51 

Carbonic acid gas 2.80 

Soda (oxide of sodium) 1.16 

Potash (oxide of potassium) 0.4 1 

Chlorine 1.16 

A remarkable feature in this incrustation is the presence of chloride of 
lime. Sodium carbonate is also present. The two together make an exceed- 
ingly viscous combination. The sample of incrustation is very hygroscopic 
When taken it was moist, although taken from a climate that is so dry as to 
partially dehydrate citric acid. It would be classified as black alkali, and comes 
from an adobe soil. 

White Alkali. — An incrustation from the Rio Grande valley above EH 
Paso, in New Mexico, showed in 100 parts of the material, which were solu- 
ble in water and which amounted to forty per cent of the entire mass: 

50.99 parts alkalies as chlorides. 

3.87 parts of lime. 

19.77 parts of sulphuric acid. 

Phosphoric acid and magnesia absent. 

This is a sample of white alkali 
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RECLAIMING ALKALI SPOTS. 

To accomplish this result various methods are resorted to. Beets grown 
upon the soil seem to dissipate the alkali. Barnyard manure, when it can be 
obtained, improves the condition very inuch. Sometimes simple cultivation 
without an attempt to grow any crop is practiced with very favorable results. 
If irrigation can be applied the chlorides are soon carried away, or below the 
surface, and where only chlorides are present the spot is rapidly brought to a 
state of cultivation. Unfortunately this cannot be generally done since the 
supply of water is not even sufficient for the crops. Frequently sorghum is 
grown, which is a profitable money crop, and valuable for reclaiming the soil. 
Gypsum has not, so far as I could learn, been used. But in many instances 
its use would probably be attended with the most satisfactory results, while 
in other cases it would probably be of little benefit.* In all cases the alkali 
should be subjected to chemical analysis, and then intelligent methods could 
be directed for reclaiming the soil. , 

SEDIMENTS. 

In the ditches used for irrigating there accumulate considerable quantities 
of mud and other matter, which is carried by the river water in suspension 
and in solution. This deposit, when it becomes dry in the bottom of the 
ditches, cracks, curls and breaks into pieces of various sizes. From time to 
time it is removed and thrown upon either side of the ditch, the banks of 
which are gradually built up. Below are given the analyses of two samples 
of this deposit. There is considerable difference in the composition of these 
sediments, owing to the difficulty of collecting the deposits in a state of purity, 
and even more due to the nature of the soil underlying the ditch. The fre- 
quent alternations of flooding and evaporation of water from the bottom of 
the ditch will ultimately accumulate at the surface all the alkali which exists 
in the soil to a considerable depth. Hence in collecting a sample of the sed- 
iment, should it happen to be from a place where the ditch passes over an 
alkali spot, the quantity of alkali shown by analysis is likely to be much 
greater than would appear in the analysis of a sediment gathered from any 
other place. 



*Lar^ quantities of gypsum have just been found west of the Quitman Mountains, which 
is directly in the line of the railroad, and within a few miles of this valley, being, in fact, in 
the line of hills which forms its southern boundary. E. T. D. 
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RIYKR 8BDIM1CNT8. 

From San EHizario Station. Partial analysis. 

1 2 

Organic matter 2.77 0.00 

Lime 5.60 3.78 

Sulphuric acid (anhydrous) 0.59 2.94 

Soda (oxide of sodium) 11.23 16.56 

Potash (oxide of potassium) 09 1.65 

Carbonic acid gas 3.44 1.65 

We have only to look at the percentage quantities of soda in these to be 
convinced as to the accumulation of alkali; but thev come from old ditches 
where accumulation has been going on for some time, and do not fairly rep- 
resent a river deposit. This could be obtained with accuracy only by allow- 
ing the water to settle in a clean vessel, and collecting the sediment from that 

WATER SUPPLY. 

This is the one question upon which the development of the valley depends. 
Without water of the proper kind in the valley, and in sufficient quantity for 
irrigation, very little progress can \\^ made. With a proper water supply the 
capabilities of the valley can hardly be overestimated. In variaus places water 
can be found within eight feet of the surface — in a bod of quicksand — it is 
said; but the quantity is sufficient only for family purposes, and in many cases 
is not well adapted even for this use. The quantity of alkali is excessive, 
often so much as to kill young plants where used for irrigation. It is gen- 
erally understood that the best water obtained at or about this depth is from 
the old river bed, which traverses almost every part of the valley, in which 
the water is better, because the alkali is less. It is supposed that in the old 
river the water dissolved and carried away the alkali from the soil adjacent 
to its bed. So far as I could ascertain no decided effort has been made to 
obtain artesian water in the valley. At Fort Hancock, fifty miles below El 
Paso, the post boi^ 225 feet, but obtained no water. I think tliat this is the 
greatest depth that has been reached in the valley, and it is not sufficient to 
make a satisfactory test of the matter. However, some geologists * have ex- 
pressed the opinion that flowing water can not be obtained here. 

On the foothills, at various points along the Galveston, Harrisburg & San 
Antonio Railroad, more or less removed from the valley, water has been ob- 
tained at depths varying from 700 to 2000 feet. Not flowmg water, but 
within easy pumping distance. At Fabens, 35 miles from El Paso, water was 
obtained at a depth of 27 feet. The well furnishes, by pumping, all the water 
necessary for the railroad storage tanks located at this place. I have no 
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analysis of this water, but think it is comparatively free from alkali. If so, 
and other wells could be obtained like it, it would perhaps be the simplest 
solution of the irrigation problem. On the mesa, eight miles northeast of El 
Paso, the Lanoria Mesa Company are sinking a system of wells, with the ob- 
ject of irrigating and improving the mesa. The mesa is a level plain having 
an elevation of one hundred and eighty feet above the level of the valley at 
El Paso. On the west it abuts against the precipitous cliffs of granite, lime- 
stone, and porphyry, which are much tilted. Some miles to the east the 
plain breaks into hills; small, but steep cliffs, and shallow, but sometimes pre- 
cipitous canyons. It is the same general contour of country found bordering 
the east side of the valley for two hundred miles or more. 

The following are the strata as described by the engineer who bored one 
of the wells on the mesa. 

Surface clay 18 feet 

Sand and gravel 45 *♦ 

Clay 10 '' 

Sand and clay alternate from this until a depth of 230 feet is reached, where 
there occurs a bed of sand and gravel mixed, which is seventy-four feet in 
thickness. This is the depth at which water is first obtained. After passmg 
through the bed of sand and gravel, and through a bed of clay ten feet thick, 
a large quantity of water is obtained in a bed of sand twenty-four feet thick, 
resting presumably upon a bed of clay. The well is 840 feet deep, the depth 
of water being 120 feet. 

The water is pumped by windmills. While the capacity of the well is not 
known, it has furnished, so the company informed me, 16,000 gallons in 
twenty-four hours without lowering the column of water in the well. 

ANALYSIS OF MESA WELL WATER. 

(ir. to Gal. 

Suspended matter (inorganic) 2.80 

Total solid residue in clear solution 36.65 

Organic and volatile matter 6.15 

Total mineral matter 30.20 

Again soluble , 29.80 

Lime 3.63 

AlkaHne chlorides 3. 19 

Sulphuric acid (anhydrous) 5.52 

The water has an alkaline reaction in the cold, which is increased by boil- 
ing; is clear and colorless, and the suspended matter settles easily. The sam- 
ple was sent in a sealed demijohn, and when opened emitted considerable 
odor of sulphuretted hydrogen, but the quantity was not suflBcient to estimate. 
While the total amounts of soluble mineral matter and alkaline chlorides are 
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somewhat large, they are not sufficient to interfere with the use of the water 
for irrigating purposes. The water may be said to be free from any alkaline 
taste, and is an excellent drinking water. 



ANALYSIS OF RIO GRANDE WATER. 

Gr. per 0*1. 

Suspended matter (inorganic) 98.65 

Total residue in clear water , 40.65 

I 

Organic and volatile matter ^ . 5.05 

Total soluble matt-er / 29.15 

Lime 4.65 

Sulphuric acid (anhydrous) ... 3.23 

Alkaline chlorides 1.77 

Silica, iron, and alumina not dctermmed. 

The water when collected was very muddy, hence the large amount of sus- 
pended inorganic matter, which is more than twice the quantity of matter 
held in solution. It has a slight alkaline reaction. The river water has for 
a long time been used for irrigating; indeed, it is the one source of supply 
for that purpose at present. The fact that it will rapidly remove alkali from 
alkali spots in the valley is most conclusive evidence of its value for irrigating 
purposes. The water contains a comparatively large quantity of gypsum and 
of potash, two substances that add greatly to the fertility of most soils. The 
quantity of mineral matter, as carried by the river water and in a finely di- 
vided state deposited from time to time over the surface of the soil, tends to 
improve its mechanical condition and to add to its fertility. 

Quantity op River Water. — The great obstacle in the way of irrigation 
in the valley at present is the insufficient quantity of river water, which is 
not sufficient to supply even the present demands made upon it, much less to 
permit any increase in the acreage of cultivation, as there is a constantly 
growing desire to do. During the early part of the year the river usually 
furnishes all the water now needed, but as the season advances the supply 
grows less, and many crops that come up and start well to growing are en- 
tirely lost from insufficient water supply. At some time in the early summer, 
when the ice melts on the upper tributaries of the river, there is a rise for a 
short time, not being of sufficient duration, however, to be of much value for 
irrigating. 

Until good water is supplied in sufficient quantity there can be no increas- 
ing and permanent prosperity in this valley. There is one way to increase 
the water supply from this source, and this is by the construction of storage 
tanks, and by holding back the high water of the river for distribution to the 
growing crops later in the season. If this is done in a systematic and scien- 
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tific way. it will make the upper portion of the Rio Grande Valley one of the 
most desirable districts in the State. 

Water Reservoirs or Storage Tanks. — In many places along the foot- 
hills, contiguous to the valley, water reservoirs could be easily and economi- 
cally constructed at the mouth of gorges and across channels of mountain 
streams. The water so obtained might not generally be sufficient for irrigat- 
ing on an extensive plan, because the rainfall is hardly sufficient for the ac- 
cumulation of such, large bodies of water, in addition to which the exceedingly 
dry climate, with a constant wind, that might be often cabled a gale, would 
rapidly evaporate water from such accumulations. The fact is frequently ad- 
vanced as an argument against the expediency of building water reservoirs 
in this climate; but I believe such tanks could be constructed with profit, 
where the aim is to combine cattle raismg with farming. There is at present 
in El Paso county a tank formed by the old bed of the Texas & Pacific Rail- 
road crossing the channel of a mountain valley; here, some 1500 head of cat- 
tle are supplied with water for many months. The foothills are covered 
with a good supply of gamma grass, which is very nutritious, and of which 
stock are very fond. It serves alike for summer and winter pasturage. In 
the valley there is comparatively no grass; although there are some 6000 head 
of cattle in the valley from El Paso down to Fort Quitman. Many of these 
cattle range on the foothills, and travel eight or ten miles daily to the river 
for water. During the winter they do not go nearly so frequently, as the 
Prickly Pear cactus furnishes them nearly all the water they require. If 
water could be supplied in the foot hills many cattle could be pastured there, 
while small plots of ground could be irrigated, furnishing an orchard, garden, 
lawn, etc. As the number of tanks increased, the humidity of the atmosphere 
would increase, lessening evaporation, and if not increasing the rain fall, would 
at least make possible the accumulation and retention of large bodies of water. 
Again, I believe water within very easy pumping distance might be obtained 
at many places among the foothills. 

Nature of Alkali in the Valley. — So far as I have investigated this 
subject, I have found that common salt is the chief disturbing substance, 
though in one case chloride of calcium was found; and in other cases very 
small quantities of the alkaline carbonates may be present. As a rule, these 
are absent, except in mere traces. Still small amounts of gypsum should be 
used to neutralize whatever carbonate may be present. The sodium carbon- 
ate is exceedingly pernicious to the developraeut of young plants. The chlo- 
rides can be removed, as mentioned above, by irrigation, blank cultivation, 
and application of barnyard manure. I beheve that the value of the latter 
as a fertilizer is itself mcreased by the presence of common salt, if the quan- 
tity is small. Then such crops as beets, sorghum, alfalfa, should be grown 
until the land is brought into good tilth. 
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CONCLUSIONS. 

1. The soil of the valley is exceedingly fertile, not heavily charged with 
alkali except in spots, and these can be reclaimed without great difficulty. 

2. The water obtained eight feet below the surface in a bed of quicksand 
is too strongly alkaline for irrigation purposes, and is not even a good drink- 
ing water, although it is now so used. 

3. The river water is well suited for irrigation; the quantity of mineral 
matter is large, as is that of the alkali chlorides compared to^quantides in 
other river waters. The matter in suspension probably adds to the fertility 
of the soil 

4. The quantity of river water, under present conditions, is not sufficient 
to meet present demands. It should be collected in storage reservoirs during 
high water, and held for growing crops later in the season. 

5. The present system of irrigation is unsatisfactory, inefficiently con- 
structed, and badly managed. Farmers in the valley would gladly pay higher 
rates for more water and a better distribution of it. 

6. The artesian water from the mesa hills is not so adaptable for irrigat- 
ing purposes as is the river water; but it is sufficiently pure for use. 

7. In many instances water could be collected in the foot hills by reser- 
voirs, and cattle raising and farming combined with profit. 

8. The system of labor in the valley is exceedingly defective and unsatis- 
factory; but this is a matter that will regulate itself with the improved con- 
ditions of the water supply. 

9. The alkali can be removed by irrigation, deep and thorough cultiva- 
tion, application of gypsum, manuring with barnyard manure, or by growing 
special crops that are conducive to the removal of saline matter. In all cases 
the work should be preceded by a chemical analysis of the soil 
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PECOS VALLEY SOILS. 

I present, in addition to the above report, analytical work done by Mr. P. 
S. Tilson upon the Pecos Valley soils, and analyses of Pecos River water. 
The soils and water were collected under your direction and sent by you to 
this laboratory for examination. The following explanation and description 
was received with the samples: 

No. 1. Upland loam, west side of Pecos River; very deep without apparent 
change. 

No. 2. From the surface soil of Pecos City, one inch to two feet in depth; 
rests on No. 3. 

No. 3. From twelve to fifteen feet deep. 

No. 4. Exists in patches from ten feet in diameter to ten acres or more. 
Alkali soil. 

No. 5. From river bank, west side, three hundred feet back from river, 
very deep. 

No. 6. Upland soil from east side of river; averages eight inches in thick- 
ness; rests on No. 7. 

No. 7. Eight inches thick; rests on No. 8. 

No. 8. Dug about twenty inches into this; saw no change in the character. 

No. 9. From east valley four hundred feet back from river; about ten 
inches in thickness; rests on No. 10. 

No. 10. About six inches in thickness; rests on No. 11. 

No. 11. Depth unknown. 

ANALYSES OF PBGOS VALLEY SOILS. 
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MECHANICAL ANALYSES OF PECOS VALLEY SOILS. 

No. 1. 
Upland loam, west side of Pecos River: 

Per C«nt. 

Siftings 0.69 

0.25 to .01 mm 34.58 

.05 to 0.1 mm 35.05 

.01 to mm 1 1.44 

Clay (by difference) 2.02 

Loss on ignition 16.22 

No. 2. 

From the surface soil of Pecos City : 

Siftings 1.72 

0.25 to 0.05 mm 76.18 

.05 to .01 mm 7.62 

.01 to 
Clay 

Loss on ignition 10. 1 7 

9.69 per cent of sand was removed by the 0.1 mm seive. This was added to the 0.25- 
0.05 mm. 

No. 3. 

Siftings 1.06 

0.25 to 0.05 mm 19.18 

0.5 to 0.01 mm 5.22 

.01 to mm 54.04 

Loss on ignition 20.50 

No. 4. 

Siftmgs 1.45 

.25 to .05 mm 37.53 

.OSto.Olmm K 3^29 

.01 to mm ) ' 

Clay (by difference)! 3.65 

Loss on ignition ; 23.08 

f These two quantities seem to be about equally divided between .05-.01 nun. and .Ol-.O ram. 
JClay determined by 30 hours subsidence. 

No. 5. 

Siftings 0.39 

.25 to .05 mm 50.29 

.05 to .01 mm 19.56 

Cli^ ^ \ ^^ ^^^®^®^^ ^'^^ 

Loss on ignition 13.09 
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No. 6. 

Siftings 0.78 

.25 to .05 mm— Sand* 75.43 

.05 to .01 mm 11.12 

.01 to .0 mm (by difference) 5.46 

Lobs on ignition 7.21 

* 13.96 per cent of sand was removed by the O.l mm sieve. This was added to the sand 
and the whole amount is inchided in above percentage. 

No. 7. 

Siftings 0.51 

.25 to .05 mm— sand \ 85.50 

.05 to !oi mm 6.70 

.01 to mm (by difference) 2.34 

Loss on ignition 4.95 

f26.l6 per cent of sand was removed by the O.l mm seive, which^ added to the sand proper, 
gives the amount here quoted. 

No. 8. 

Siftings 0.41 

.25 to .05 mm 92.73 

.05 to .01 mm 2.82 

.01 to mm (by difference) 1.35 

Loss on ignition 2.69 

No. 9. 

Siftings 1.76 

.25 to .05 mm ., 34.91 

.05 to .01 mm. .. 19.12 

.01 to mm .' 1 1.64 

ClayJ 19.33 

Loss on ignition 13. 1 3 

No. 10. No. II. 

Siftings 10.4 2.93 

.25 to .05 mm 61.71 29.59 

.05 to .01 mm j ... 8.71 17.39 

.01 to mm 7.33 10.10 

ClayJ 5.67 19.70 

Loss on ignition 15.54 20.28 

X Clay was determined by difference, and contains that part of the g^rade having diameters 
from .01 to mm, which remains suspended after 24 hours subsidence. 

The mechanical analyses of the soils herein reported were made according 
to Dr. Osborne's method — that of Beaker Elutriation. Particles having 
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^saaefea between .25 and .05 mm,, are descgnated as SkW; those becweoi 
,05 and .01 mm. as SRt; iboBt beiov .01 m m . as Dtt or as Dost and daj. 
There ia no tbarooghlj reliable method of mechanical sad analjsisL Bat this 
method and that of EQIgard's Chara Elatriator method gire moet satisfactofy 
molta. the work br either method ^>proaching a cc m acj snfBdentlr to give 
a Terr correct idea as to the general mechanical condition of the schL It 
win be noticed that these soOs are moetlj sandj: but in a fev instaDces, the 
qnantit J of fine material is rerr great. In No. 3 the Drntt is particularly 
large in qnantitj. 

From the description Xo. 1. upland loam, seems to occi^>t considerate ex- 
teot of country. Its analysis indicates an excellent soiL The sabeoil is prob- 
acy of the same general character as the top soiL Xo. 2 b a chocolate loam, 
baring Xo. 3 as a calcareous sabsoiL This lime is present as the carbonate 
and as the sOicate. Xo. 4 is an alkaline loam, with a large quantity of or- 
ganic nuuter present. The quantity of chlondes preemt is too large to per- 
mit its use. Xo. 5 is a red alluvial soil. Xos. 6. 7. and 8 are superimposed. 
The sorfaoe soil, Xo. 6. a black sandy soil; Xo. 7 has less organic matter and 
more sand; while Xo. 8 is almost pure sand. It is also noticeable that there 
is a gradual decrease of phosphoric acid and lime from toe surface down. 
The quantity of alkalies in Xo. 8, sixteen inches below the surface, seems to 
hare decreased very much. This is in keeping with the general tendency of 
alkalies to accumulate near the surface. Xos. 9. 1 0, and 1 1 are also super- 
imposed. In this case there is an increase of organic matter from the surface 
down. The conditions are almost the reverse of Xos. 6, 7, and 8, though 
in U, 1 0, and 1 1 none of them is so distinctly sandy. The deepest soil is in 
this case really the best soiL There is less sand, more organic matter, lime, 
and sulphuric acid, and less alkalies. The quantity of alkali in all of these 
soils is about equal to that found in the Rio Grande valley soils; much 
greater than is ordinarily found in soils devoted to agricultural purposes. 
But excluding Xo. 4, the quantity is not sufficient to interfere with their cul- 
tivation. 

PECOS RLVJslK WATER 

Below are given two analyses of Pecos River water. No. 1 was collected at 
Pecos City, and received at the laboratory in January, 1889 Gave an alka- 
line reaction on boiling, and had alkaline taste. Suspended matter made up 
largely of red soil, that settled quickly on standing. 

No. 2 was collected in Reeves County, and received at the laboratory in 
December, 1 889. Gave, as No. 1 did, an alkaline reaction and possessed the 
Mme alkaline taste. Suspended matter made up more of silt and a lighter 
soil than in No. 1, and settled only after twenty-four hours' standing: 
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ANALYSES. O™;**" P«»" <*»Uo°- 

No. 1. No. 2. 

Totol solid contents 308.48 319.39 

Soluble after evaporation 172.59 204.70 

Total mineral matter 265.48 259.19 

Total lime, as CaO 27.42 37.62 

Totol sulphuric acid, as SO3 64.57 76.73 

Total chlorine 39.05 65.03 

Total alkalies, as chlorides 58.70 106.50 

Total potash, as oxide * 2 95 

Total soda, as oxide.. * 66.08 

Total suspended matter 36.32 85.76 

*Not separated. 

It will be noticed there is considerable variation in the two analyses; the 
larger quantity of mineral matter appearing in No. 2. This is particularly 

true in case of the alkalies. When the last sample was collected the river 
was lower than in January previous. The totol mineral matter is compara- 
tively nearly the same, and very high. Of this the matter soluble after evapo- 
ration is also very great. 

Accordmg to estimates in California, it takes about ten inches of water 
during a year to perfect a crop. This would probably be the smallest esti- 
mate that could be made for Western Texas when judiciously used in irri- 
gating. One gallon of water will cover one and one-half (l^) square feet one 
inch deep, or six and two-thirds (6|) gallons per square foot is equal to ten 
inches depth of water. If we assume the alkalies in this water to be 58 grains 
to the gallon, as given in analysis No. 1, on every square foot of soil irrigated 
from the river there would be brought annually three hundred and eighty- 
six (386) grains of alkaline chlorides — consisting principally of sodium chlo- 
ride—on a soil that already contoins considerable quantity of alkali. The ef- 
fect would, in time, necessarily be fatal to the use of the land for agricultural 
purposes. 

It is possible that for a few years the water could be used for irrigation ; 
especially if special crops were grown — those least affected by alkali. But in 
time there would be sufficient accumulation to destroy plant growth. The 
water contoins some material that is valuable as plant food. The lime and 
sulphuric acid are in combination as the sulphate, or gypsum; this is very 
favorable to most river-formed soils, and to alkaline soils contoining the alka- 
line carbonates. The river sediment added year by year to the soil would 
continually enrich it, but for the presence of the alkalies. 
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APPENDIX. 



On page 10 Prof. Harrington makes this statement in regard to the 
effect of alkalies on the growth of crops: "But so far as I can ascer- 
tain, the maximum quantity of alkali that any crop would tolerate 
and still thrive and do well has not yet been determined. The char- 
acter of the soil would undoubtedly have great influence in this 
matter." Such being the case, I have delayed the publication of this 
Bulletin that additional facts might be accumulated bearing upon this 
point, for it is one of the greatest importance to a large area in the 
Pecos Valley. 

Both before and since the commencement of this examination there 
has been an experimental farm in operation above Pecos City, using 
the waters of the Pecos River for irrigation. Upon it have been g^own 
fruits, vegetables, grains, grasses, etc., and the yield has been of such 
a character, both in quality and amount, as to encourage the construc- 
tion of canals and ditches and a considerable extension of the irriga- 
tion facilities. The claim made by the operators of the experimental 
farm is that the manner of irrigation prevents the accumulation of the 
salt to any hurtful extent. The plats are flooded with water and the 
porous nature of the soil permits rapid drainage. By this means, it is 
thought by them that the water as it is applied washes out the soluble 
salt left by former applications, and in turn leaves only about the same 
quantity as before, as it is drained away or evaporates. 

The facts, as I can learn them, are that up to the present, at least, 
no deleterious effects are noticeable from the application of the water. 
The crops continue to flourish, and there is no perceptible reason for 
expecting them to do otherwise while the water continues available as 
it is now. 

That there is, however, an increase in the amount of salt in the land 
after irrigation is fully proved by the following analyses made of 
virgin soil and exactly similar soil near it, which had been irrigated 
for three years. The soils were carefully selected by Prof. W. F. 
Cummins, and analyses made by Mr. L. E. Magnenat, Chemist of the 
Sur\'ey. 

Soil No. 1. Virgin Soil from Section 174, Block 34, H. & T. C. 
Ry. Co. 

Soil No. 2. Unirrigated, Experimental Farm. 

Soil No. 2a. Irrigated Soil, Experimental Farm. 

Soil No. 3. Unirrigated Soil, Experimental Farm. 

Soil No. 3a. Irrigated Soil, Experimental Farm. 
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Total Water Soluble. Sodium Chloride. 

Soil No. 1 0.16 per cent. 0.040 per cent. 

Soil No. 2 0.23 per cent. 0.044 per cent. 

Soil No. 2a 0.38 per cent. 0.074 per cent. 

Soil No. 3 0.48 per cent. 0.092 per cent. 

Soil No. 3a 1.26 per cent. 0.164 per cent. 

While this is true, however, the total amount of sodium chloride 
which is present in the soil is so small, and the annual addition from 
the water used in irrigation is so little, that it will require many years 
cultivation to bring the total amount into anything like a dangerous 
quantity. Thus, in soil No. 2 and 2a, the increase is only ten thou- 
sandths of one per cent annually, and even in the one showing the 
largest increase. No. 3 and 3a, the difference is only twenty-four 
thousandths of one per cent, at which rate it would require nearly 
forty years to bring the total up to even one per cent of the entire 
soil, an amount which in itself is far below an excess. 

Having ascertained this fact by analysis, it then remained to deter- 
mine the combination in which the large amounts of alkalies, which we 
have previously found in the soils, existed. 

The water soluble matter was first analysed. Solution was effected 
by heating with water for five days over a water bath and the alkalies 
determined in the filtrate. The results are as follows: 

No. 1. No. 6. No. C. 

Potassium 0.024 0.07 Trace. 

Sodium 0.220 0.25 0.11 

Sulphuric Acid 0.500 0.60 Trace. 

Carbonic Acid Trace. Trace. Trace. 

Chlorine 0.27 0.10 Trace. 

In the water soluble material, therefore, the alkalies are present as 
sulphates and chlorides, with traces of sodium carbonate. 

The total amounts of alkalies present were then determined in fresh 
portions by the method of Prof. L. Smith, with carbonate of lime and 
sal ammoniac, with the following results: 

No. 1. No. 6. No. 6. 

Sodium 3.23 4.32 4.11 

Potassium 2.61 2.77 1.58 

Total 5.84 7.09 5.69 

Taking into consideration the amounts of sulphuric acid, carbonic 
acid and chlorine present, as shown in the analyses, it is evident that 
the larger portion of the alkalies must exist as silicates, since there is 
nothing else for them to combine with. This is rendered the more 
certain by the consideration that the rock material from which the 
soils are derived is largely feldspathic in its nature, consisting of the 
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intrusive porphyries which cover such an amount of the area West 
and North of that locality. 

With this explanation, the apparent excess of alkalies is shown to 
be in no wise dangerous to the agricultural prospects of the valley. 

The suggestion, however, of growth of crops least afiected by alka- 
lies might well be given attention, in so far as by proper rotation of 
alfalfa and other grass crops which take up larger quantities of alka- 
lies, to keep the amount within proper bounds. 

E. T. DUMBLE, 

State Geologist. 

Feb. 27th, 1892. 
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Department of Agriculture, Insurance, Statistics and History. 

Geological Survey of Texas. 
Austin, Texas, December 15, 1891. 

Hon. Jno. E. Hollingswortb, Commissioner of Agriculture, Insurance. Statistics 
and History. 

Dear Sir — I herewith transmit for pubHcation the report of Mr. 
R. S. Tarr on his "Reconnoissance of the Gaudalupe Mountains." 

Owing to the amount of material on hand this report, with others, 
was crowded out of the Second Annual Report in which it was in- 
tended to appear and is therefore presented for publication in the form 
of a Bulletin. 

Yours very truly, 

E. T. DUMBLE, 
State Geologist. 



PREFACE 

The following pages, descriptive of the results of a trip across Cen- 
tral Texas and into the Gaudalupe mountains, which lie some seventy- 
five miles west of the Pecos river stretching northwest and southeast 
across the line between Texas and New Mexico, were intended for 
publication in the Second Annual Report of this Survey. On account 
of the number and length of the papers on hand it was necessary to 
omit several which will be issued as Bulletins. 

The work assigned Mr. Tarr contemplated a much more detailed 
investigation than is here recorded, but circumstances prevented its 
completion. His return to Cambridge and consequent separation from 
the materials he had collected on the trip has prevented anything like 
a complete study of them, and it must be considered, therefore, that 
the opinions expressed are, as Mr. Tarr says, tentative only, being 
simply the ideas formed during the field study which, while it was done 
as carefully as possible, was necessarily of a somewhat rapid character. 
The facts observed, however, are of considerable interest and add their 
quota to oui knowledge of the topography and geology of this hitherto 
little known region. 

During the present summer further explorations have been made of 
this range by Prof. Cummins who followed down it from the north. 
The results of this will be found in his paper in the Second Report of 
Progress, now in press, and in greater detail in the Third Annual Report 
of the Survey. 

E. T. DUMBI.E, 

State Geologist. 



RECONNOISSANCE OF THE GUADALUPE MOUNTAINS, 

BY R. S. TARR. 

INTRODUCTORY. 

GENERAL STATEMENT. 

The object of this work was to determine the age of the Guadalupe 
mountains, their geological structure and relation to the strata east of 
the mountains with particular reference to the artesian water supply of 
the Plains, and the prospects of the district for coal and other minerals. 
Circumstances prevented the completion of these plans and conse- 
quently the work was done in much less detail than was at first intended. 
Instead of four months, as was at first planned, only two months were 
spent in the field and less than one month in the mountains. Furthermore, 
there being no topographic map of the region and it being impossible 
to make detailed observations in consequence, the work has necessarily 
been general rather than of a detailed nature. For these reasons this 
report is no more than a reconnoissance. Still- it has been possible to 
add something to the knowledge of this region, both of the geology 
and the economic resources as revealed by the geology. 

In order to become familiar with the Permian beds of Central Texas 
so that they might be recognized, if they existed in the Guadalupe 
mountains, as reported, it was considered desirable to make a hurried 
trip across the Permian, thus connecting the Carboniferous area which 
the writer had previously studied with the Carboniferous of the Trans- 
Pecos region. In this reconnoissance journey more than a month was 
spent in constant driving westward and the country from Lampasas to 
the Guadalupe mountains was hurriedly traversed. The advantage of 
this in the subsequent work was inestimable. The remaining time at 
my disposal, less than a month, was spent in and about the mountains. 

PREVIOUS WORK IN THE GUADALUPE MOUNTAINS. 

The first authentic information about the geology of these mount- 
ains came from Dr. George G. Shumard,* who was, in the year 1855 
appointed geologist to the expedition under Capt. John Pope, of the 
XJ. S. A., ordered by the War Department to test the practicability of 
obtaining artesian water on the plains of Texas and New Mexico. 
This eminent geologist and explorer described quite accurately, as 
was his custom, the region which he traversed, and there are but few 
points in which my obser\'ations, in any essential particular, disagree 

♦Observations on the Geological Formations of the Country between the Rio 
Pecos and the Rio Grande, etc., G. G. Shumard. Trans., St. Louis Academy of 
Sciences, 1868, pp. 273-289. 
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with his made thirty-five years ago. This paper is in the form of a 
detailed report of the geologic features of the route followed. His 
fiill report was not published by the War Department, but in the year 
1886, this was published by the Department of Insurance, Statistics 
and Histor>- of the State of Texas.* 

The first announcement of the supposed Permian age of the Guadalupe 
mountains is made by Dr. Shumard on p. 277 of the Trans. St. Louis 
Academy of Sciences for 1858, the announcement being based on the 
paleontologic researches upon his collections by Dr. B. F. Shu- 
mard. The latter announces! the Permian age of the Guadalupe 
mountains by the description of new Permian fossils. 

Later another paperj based upon the same collections gives a list 
of all the fossils obtained, many of which are announced to be identi- 
tical with Permian fossils from Europe and Kansas. Since then I 
know of no publication which refers these mountains to the Permian 
age. 

Prof. Jules Marcou, in the year 1858, published his geological map|| 
in which the mountains afe colored Carboniferous. 

A review of the papers published by Dr. B. F. Shumard, expresses^ 
some doubt of the conclusions arrived at by Dr. Shumard. 

Nothing has appeared since then so far as I know except a paper by 
Walter P. Jenney, briefly describing some geologic features of the 
south end of the mountains along the route travelled. Without giv- 
ing reasons, he speaks of the rocks as Carboniferous.** 

There is in the archives of the Geological Department at Austin a 
manuscript report by Dr. G. Cr. Shumard upon the artesian water sup- 
ply of the region east of the Guadalupe mountains. My results 
agree almost directly with his. This report was never published by 
the War Department, nor was his advice heeded, but much money and 
time were wasted in a futile search for water contrary- to it. 

I have divided this report into two sections. First. A brief state- 
ment of the reconnoisance of the Central Texas Permian. Second. A 
description of the geology of the Guadalupe mountains. 

*A Partial Report on the Geology of Western Texas, etc., by Dr. Geo. G. Shu- 
mard, Assistant State Geologist of Texas, p. 145, Austin State Printing Office. 
1886. 

The portion particularly referring to the Guadalupe Mountains and Wcinity is 
in Chap. V., pp. 88-96. 

tNotice of New Fossils from the Permian Strata of New Mexico and Texas. B. 
F. Shumard, Trans., St. Louis Acad. Sciences, March 8, 1858. 

^Notice of Fossils from the Permian Strata of Texas and New Mexico. B. F. 
Shumard, Trans., St. Louis Acad. Sciences, 1859. 

i:Gcolog>' of North America. Zurich, 1858. 

^American Jour. Science, Vol. XXIX., 1860, pp. 125-126, signed *M." 

♦♦Notes on the Geology of Western Texas near the 32d Parallel. Walter P. 
Jenney, Am. Jour. Science, 3rd series. Vol. VII., Jan., 1874. 
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PART I. 

RECONNOISSANCE SECTION ACROSS THE PERMIAN OF 

CENTRAL TEXAS. 

In the section made by the writer during the winter of 1888-89, across 
the Central Texas Carboniferous area of the Colorado Valley the section 
ended a few miles northwest of Coleman, where the Carboniferous 
is covered by Cretaceous. The Carboniferous is there dipping gently 
northwest while the Cretaceous lies uncomformably with a very gentle 
southeast dip. The Carboniferous beds at the point where they are 
covered by the Cretaceous, belong to the Coleman division and consist 
of mottled and vari-colpred clays interbedded with limestones contain- 
ing considerable clay. A description of these beds appeared in the First 
Annual Report. 

Route Followed. — From the point where the last section ended 
I travelled northwest to Abilene and thence W. S. W. along the line 
of the Texas & Pacific R. R. to the Pecos river, a distance of 279 miles. 
With the exception of certain small Cretaceous areas and some beds of 
Carboniferous between Coleman and Abilene, the strata along this 
route are all Permian. 

Cretaceous Areas. 

The first of these Cretaceous areas was seen northwest of Coleman 
where it forms a divide between the head- waters of the south branches of 
Jim Ned creek and some small creeks directly tributary to the Colorado 
river. It is a very much degraded area consisting chiefly of beds of 
the Trinity division capped in the higher parts by limestones of the 
Comanche series. On the southeast side the base of the Cretaceous is 
1930 feet above sea level but three miles northwest the contact between 
the Cretaceous and the Carboniferous is found at an elevation of 2025 
feet. 

Cedar Gap is a pass in the range of Cretaceous buttes formed by the 
combined erosion of two creeks, one tributary to the Colorado and the 
other to the Brazos. A range of these Cretaceous buttes or mesas ex- 
tends from near the Colorado eastward, several miles beyond Cedar 

Gap and mark the divide between that river and the Brazos, and are 
remnants of the old Cretaceous plateau remaining in degraded form in 
the region of slow erosion, or at the head- waters. 

. Above the general level of the gap, in the lowest part of the butte are 
about twenty-five feet of red beds, evidently Permian. Above this are 
one hundred feet of Trinity Sands capped by twenty-five feet of thick 
bedded limestone (Comanche series). The lower Trinity beds are yel- 
low and gray sands and clays with a considerable admixture of red 
clay. This red clay is so abundant as to give the lower part of the buttes 
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on both sides of the gap a distinctly red appearance, thus giving ad- 
ditional evidence to the extremely local derivation of the varying 
Trinity beds. 

From Big Spring westward for one hundred miles the geological 
structure is undoubtedly Cretaceous though in a few small isolated 
patches the Permian may come to the surface. The first indication of 
the undoubted Cretaceous is in a railway cut two miltt east of Big 
Spring. A small syncline here exposed in section has a southeast 
axis and a dip in one place as great as ten degrees southwest and five 
degrees northeast 

The width of the syncline is not more than 100 feet in the exposed 
section. 

Beginning at the base the section is: 

Dark red cross-bedded sandstone 3 feet 

Red sandy clay streaked with white 1 J to 3 feet 

Dark red, very much cross-bedded, sandstone,slightly conglomeritic . 4 feet 

Conglomerate grading into the lower sandstone, and composed of pebbles gen- 
erally as large as a nutmeg and larger. Pebbles are quartzite and other meta- 
morphic rocks (hornblendic, etc.,) and considerable limestone, resembling ttlbt 
of the Coleman division. The small pebbles are generally well rounded, but 
the larger ones are often quite angular. The cement is limy and in places mag- 
nesic. 

This conglomerate resembles quite closely the Trinity conglomerate 
of the Cretaceous, and it may belong to this age. Several specimens 
of oysters were found in the conglomerate, but they are in such a poor 
state of preservation that it is quite impossible to determine them. 

On the railway, 2>2 miles west of Big Spring, there is a cut in an 
impure clayey greensand, from which bones were collected. No other 
fossils were found in this vicinity. Above this sand is a yellow sand 
overlaid by an unfossilliferous magnesic limestone. Chiefly from the 
character of the overlying beds I conclude that this stratum is a mem- 
ber of the Trinity division of the Cretaceous, and this conclusion is 
rendered the more probable from the occurrence of the oyster-bearing 
bed beneath it east of Big Spring. 

CRETACEOUS NEAR MARIENFELD. 

The strata in the bluffs bordering the valley of Girard creek have a 
general reddish hue toned down in intensity by lighter colored sands. 
These may be Trinity beds with a red color derived from the underly- 
ing Pennian, though of this I can offer no definite proof. 

From this point westward the country is a gently undulating plain 
without any abrupt rises or marked hills, but with a general ascent 
westward. There is little to indicate the geological structure in this 
section, but the soil is sandy, and it is probable that the strata exposed 
in Girard creek continue for this distance. Three miles east of Marien- 
feld a peculiar mottled limestone appears above the sand. It has a 
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very pretty marbled appearance due to concentric rings of white and 
pink, the latter being no doubt derived from an oxide of manganese. 
As it is very soft and fades in the sun, it is probable that this will not 
be of any value in the arts, although in a fresh piece it is very beauti- 
ful. Above and below it is a reddish sand. No fossils were found in 
this rock. In some cases it contains small scattered conglomeritic 
pebbles. This resembles, in certain respects, a banded alabaster ap- 
pearing above the Carboniferous near the head of Delaware creek on 
the west of the Pecos, and may be a contemporaneous, or, perhaps, a 
continuous stratum. 

At and near Marienfeld, particularly west of that town, a compara- 
tively pure stratum of water is found at moderate depth (45 feet, dif- 
fering according to location) beneath this limestone in a stratum of 
sand. It is not artesian, but is pumped by windmills. Indeed, there 
is a water-bearing stratum at about this horizon for many miles west 
of Marienfeld. As it is cut on the east and west by deep valleys, and 
as the surface of the country is above the source of water supply, no 
artesian water is to be expected in or near this bed. 

West of Marienfeld the bed rock appears from the soil to be en- 
tirely limestone and sand pebbles finely conglomeritic in places. The 
limestone first encountered east of Marienfeld still continues, out- 
cropping occasionally but always unfossiliferous. The persistence of 
this layer for thirteen miles on a country sloping eastward seems to 
indicate an easterly dip, though a very slight one. At the section 
house at Germania, ten miles west of Marienfeld, an oyster bearing 
bed is found above the banded gypsiferous limestone. At the War- 
field section house, twenty miles west of this, another gryphaea bed is 
found, possibly the same as that last mentioned. 

Numerous sink holes occur between Midland and Odessa indicating 
that probably here is one chief source of supply for the water con- 
tained in the water bearing stratum so frequently encountered here- 
abouts. 

The undulating prairie ceases about five miles east of Metz, ending 
abruptly in a somewhat degraded mesa bluff facing westward and this 
is the eastern boundary of the Pecos valley along my line of section. 
Douro, the highest point on the T. & P. R. R. east of the Pecos, is 
about 31(X) feet above sea level and 50() feet above the Pecos River. It 
is on the divide between the Pecos and Concho but there is much 
country hereabouts which is almost entirely without surface drainage. 

At Douro there is a gryphaea bed made up almost of these fossils. 
The section exposed on^the face of the bluff west of Douro is approx- 
imately as follows, beginning at the top: 
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Marbled magnesic limestone, unfossiliferous. 

Gryphaea Pitcheri (?) beds. 

Unfossiliferous limestone much discolored by iron. 

Very fosiliferous limestone, rusty. 

Sandy limestone. 

Sand, yellow and red in places. 

The total thickness from one to five inclusive, is about 150 feet, but 
the thickness of the sand was undetermined. The fossiliferous lime- 
stone beds, except the gryphaea beds were not detected farther east, 
but this is not strange since the greater part of the country is covered 
with a deep residual soil. 

From the base of the mesa bluff just east of Metz to beyond Mona- 
han, a distance of nearly twenty miles, the Trinity sands cover the 
surface in the form of sand dunes. This strip of sand extends many 
miles north and south averaging in width from twelve to fifteen miles. 
It is a striking development of blown sand and with every breeze the 
sand is shifting position. The conical hills, and crater like pits so 
typical of similar aeolian deposits, are strongly developed here where 
they are rendered possible by the aridity of the climate and the pres- 
ence of an abundant suppl}' of sand furnished b}- the Trinity beds, 
as the bluff recedes and partly protected from removal to the eastward 
by this high bluff. The sand is chiefly white, having been bleached 
during its long exposure to sun and wind and is scantily clothed in 
places by such native plants as greasewood, sagebrush, mesquite, cac- 
tus, soapplant and sandgrass. These in part hold the sand in place, 
but only partiall}' so, since in this region every moderate breeze car- 
ries along clouds of sand before it. 

Carbonifkrous. 

CoLKMAN Bkds. — Where the Trinity beds disappear, northwest of 
Coleman, the Coleman beds of the Carboniferous are found beneath 
them. At this point there is a blue, very much rusted, clayey lime- 
stone containing many specimens of a large Piniia, Myalina^ Bellero- 
pho7i and Bryozoa. One Puma on a slab near the road had a length 
of 23 inches, with a greatest width of 3 inches. A portion of the 
small end was gone. 

The region hereabout is but recently uncovered by the erosion of 
Jim Ned creek. In the valleys the Carboniferous rocks are exposed, 
but to the north and west, as well as south, hills and buttes are found. 
Some of the hills from which most of the Cretaceous has been re- 
moved are still partly covered by small patches of Trinity Sand. 

The character of the Carboniferous rocks is identical with that de- 
scribed in the report on the Carboniferous under the head of the Cole- 
man beds. There seems to be very little clay, but its apparent ab- 
sence may be due to the talus covering formed by the down dropping 
of the limestone on the hill sides. This feature is quite typical of the 
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Coleman beds in other sections, the bluflFs being on the outcrop (S. 
E.) side, and the chief erosion being that of the soft clays and the 
consequent breaking down of the harder limestone layers. This pro- 
cess has entirely obscured thick and numerous beds of clay where 
other evidence has proved their existence. Furthermore much of the 
exposed Carboniferous has not suflfered extensive denudation, since it 
has been only recently uncovered. 

The fossils of these beds are not varied in the number of forms, but 
some beds contain a great abundance of individuals belonging to such 
groups as Pinna, Myalina, Belleropho7i, and certain Bryozoans. Everj'- 
thing indicates that fossils fitted for hardy life were the only ones to 
flourish under the conditions that then existed. A specimen of 
Pleurophorus, found just northwest of Coleman, points to the ap- 
proach of Permian times. 

TR.\NSlTlON FROM CARBONIFEROUS TO PERMIAN. 

Just northwest of the fork of Jim Ned creek the approaching change 
from Carboniferous to Permian previously indicated by the change in 
fauna receives further confirmation by a lithologic change. The dip 
of the strata, however, appears to remain unchanged. No uncon- 
formity or overlap appears in this line of section, and if such phenom- 
ena exist, they can be detected only by continued work along the line 
of contact. One would infer from all the evidence that appears in the 
single section traversed that the red beds of Central Texas directly and 
conformably succeeded the Carboniferous with a line of contact that 
must be arbitrarily drawn. Certainly, however, the Permian is fore- 
shadowed in the Carboniferous and in the Permian, relics of the Car- 
boniferous are found, so that the break, if any existed, was small in- 
deed. 

The Permian in its best development is in nearly every way distinct 
from the the typical Carboniferous and in many ways from the upper 
beds of the Carboniferous. There is only a tract of a few miles in 
breadth about which any doubt can be entertained. The beginning of 
the Permian epoch was indicated in Central Texas at the close of the 
deposition of the beds of the Brownwood division. The seashore de- 
posits of the Waldrip division with its accompanying bed of coal 
apparently marked the beginning of the great inland sea which reached 
its best development in Permian times. Throughout much of the Cole- 
man strata seashore deposits reappear at frequent intervals as the 
section is studied upward and everywhere the presence of an abundance 
of clay is indicated. The faunal features still remain Carboniferous 
.throughout the Coleman beds, but the life is in many ways diff^erent 
from that which existed during the deposition of the Brownwood beds 
in the clear deep water. 

The apparent transition stage between Carboniferous and Permian 
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begins one half mile northwest of the south fork of Jim Ned creek. 
Here a bed of red sandy clay forty feet thick appears both overlaid and 
underlaid by a rusty clayey limestone. This in itself in no way dififers 
from similar beds observed southeast of this in the typical Coleman, but 
this marks the beginning of a change in which finally nearly all the 
beds assume a reddish hue. The transitional beds should probably 
properly be classed with the Coleman beds of the upper Carboniferous, 
and the whole Coleman series may be possibly classed as Permo-Car- 
boniferous. 

TYPICAL PKRMIAN. 

A few miles northwest of the south fork of Jim Ned creek appear 
thin bedded shaley, red sandstones and red clays with geodic concre- 
tions. 

From this on to Abilene the soil is everywhere of the peculiar red 
Permian hue. Occasionally limestone fragments indicate the prox- 
imity of this rock to the surface. It is invariably magnesic and in the 
creek bed six miles south of Abilene there is a typical exposure of the 
clayey pure white dense magnesic limestone of the Permian. 

A deep red soil covers nearly all the country, derived no doubt by 
the wash from the abundant Permian clays. In places the soil is a 
fine grain sandy conglomerate, possibly derived from the decay of some 
Trinity conglomerate, but more probably from the decay of Permian. 

From Abilene my course followed approximately the Texas & Pacific 
railway first a little north of west, then west-southwest to Pecos City. 

Around Abilene and westward for six miles no bed rock outcrops, 
but the country is a comparatively level, deep soil prairie covered 
with mesquite. The soil is chiefly a sandy fine grained conglom- 
erate. Seven miles west of Abiline near the railway there is an outcrop 
of Permian conglomerate and it is very likely from this bed that the 
soil to the east is derived. Fossils were collected in a bluish gray 
clayey limestone eleven miles west of Abilene in a railway cut. The 
fossils belong in the genera Piyina, Myalhia, Producius, Bellerophan 
and Lima (?;. They appear to be in no way different from the fossils 
of the Coleman division. 

The level country continues westward to Merkel, twenty miles west 
of Abilene, but at this point the prairie character is lost and is suc- 
ceeded by hills. This change has been brought about by the erosion 
of Sweetwater creek and other branches of the main Elm Fork of the 
Brazos. This change commences just west of Merkel where the east 
facing mesa rises to a height of more than seventy-five feet. The 
face of the Merkel mesa exposes alternating red and white strata of 
clays, sandstones, conglomerate and limestone. A peculiar purple 
conglomerate appears near Trent, consisting of sandy and breccia lay- 
ers with a purple cement colored probably by maganese. 
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As far as Merkel and eight miles west of this the water in wells is 
of good quality, but at the latter point the character of the water 
changes and gypsum water begins to be found. Just beyond this, one 
and one-half miles west of Trent is a gypsiferous pulverulent white 
limestone with occasional (generally small) pebbles. Just west of 
Trent a small bluff reveals alternating red and white (gypsum) beds 
overlaid unconformably by recent conglomerate. 

From Trent to Sweetwater, a distance of ten miles, the country is 
very rough being either much cut up sandy mesquite flats, or hills with 
a surface coating of recent conglomerate. The soil is chiefly reddish, 
but most of the rock outcrops are of white pulverulent limestones. 
Two miles west of Trent there is a stratum of gypsum, and gypsum is 
also associated with the white limestone in thin bands and layers. 
Near Sweetwater in Sweetwater creek there are alternating strata of 
red clays and white gypsiferous beds. No fossils were noticed in any 
of these beds 

From Sweetwater westward, the country rises quite rapidly for eigh- 
teen miles, this being the divide between the Colorado and the Brazos. 
The divide at the point crossed is a nearly level prairie with some mes- 
quite, but in large measure without any brush growth. While appar- 
ently quite level, it slopes gently eastward, though no drainage is ap- 
parent for a distance of four miles east and west. This is succeeded 
westward by gently rising land to the top of its divide when the gen- 
tle eastern slope is succeeded by a rapid descent into the valley of the 
Colorado. In less than three miles the descent is two hundred feet. 
Beyond this the slope is more gradual, but from the top of the divide 
to the bed of the Colorado, the country is much broken, being there 
very different from the country on the Brazos side of the divide. 

Between Sweetwater and Loraine, few outcrops occur, but the sur- 
face is chiefly sandy and conglomeritic, its soil always having a red- 
dish hue. Three miles west of Sweetwater there is a conglomerate 
with a very limy cement closely resembling certain Trinity conglom- 
erates in Brown and adjoining counties The pebbles are quite angu- 
lar and often large, sometimes weighing several pounds. These peb- 
bles are chiefly limestone and many of them resemble the Coleman 
and the Brown wood limestone. There are also limestone pebbles 
closely resembling the Silurian rock of San Saba county. Certain 
flint pebbles aid in this resemblance, but no fossils have been found in 
them. It seems diflficult to account for the presence of these large, 
quite angular pebbles so far from any known outcrop. 

It is quite probable that this and other similar conglomerate layers 
are the source of supply for the abundant recent conglomerate here 
and at various places east of this point. This common conglomeritic 
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soil may have been derived either from residual decay or transporta- 
tion or more likely from both causes combined. 

At Colorado City, on the Colorado river, there is a great develop- 
ment of sandstone and conglomerilic sandstone appearing both in the 
broken hills and bluffs and as a residual soil on the surface. A well 
bored to the depth of nine hundred feet at Colorado City passes chiefly 
through sandstone to a -stratum of water which rises to within two 
hundred feet of the surface. A bed of rock salt encountered in the bor- 
ing changes the water to a brine and this is pumped to the surface and 
used in the manufacture of salt. 

Throughout much of the sandstone there is some salt, and in a creek 
bed four miles west of Colorado City the water is saline. 

The dip of the Permian strata has been unifonnly northwest but at 
a decreasing angle. So small is the angle of dip that it is almost im- 
possible to tell in which direction the rock is tilted, and this diflficulty 
is increased by the peculiar nature of the beds, many of which are so 
easily eroded that the exact outcrop edge is either very irregular or 
entirely covered. Near Colorado Cit}' the strata are so nearly horizon- 
tal that I have been unable to make any determination of the direction 
of dip. 

DOUBTFri. BKDS NEAR WESTBROOKK- 

The mesa countr>' commences just west of Westbrooke in the valley 
of the Colorado. At this point a gentle undulating prairie is suc- 
ceeded westward b}' a mesa with broad prairie-like top and with abrupt 
faces on the southwest side. Here the l)eds are chiefly red clay with 
bands of red shale and some thin limy layers. The lithologic appear- 
ance of this countrv is so much like the Permian farther east that one 
would not suspect that there was a possibility of its being of a differ- 
ent age. The occurrence of selenite crystals in the clay is worthy of 
note. The abundance of clay in these beds is quite noticeable in dis- 
tinction to its absence in the upper beds of the Permian just passed 
over. 

At latan, another more marked mesa facing eastward is encoun- 
tered. A broken wall varying from fifty to one hundred and twenty- 
five feet in heighth extends in a general north and south course. The 
lower seventy- five feet of the mesa wall consists chiefly of red clay 
with occasional bands of red shale and sometimes bands of limestone. 
This is overlaid by twenty feet of white sandstone ver>' much cross 
bedded, the layers in some instances dipping at diverse angles as 
high as ten or fifteen degrees. This sandstone is limy with oc- 
casional small pebbles. Above the sandstone on the top of the 
mesa is twenty feet of a remarkable quartzitic comglomerate very hard 
and flinty, quite compact, and breaking into angular pieces. It con- 
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tains many small pebbles, generally less than the size of a pea, though 
with a few as large as a nutmeg. The cement is in places magnesic. 

The latan mesa appears to dip as much as two degrees S. E., and a 
southeast dip has been quite noticeable since leaving the Colorado. 

Between latan and Big Spring the surface of the country undu- 
lates considerably with a general rise to the west to within six or sevea 
miles of Big Spring, when the valley of Girard creek, a large branch 
of the Colorado, is reached. The soil is chiefly sandy with some red 
clay. Near Girard creek the soil is very sandy, the sand being de- 
rived from a calcareous or magnesic white sandstone, which outcrops 
for some distance east of Big Spring. To the south and west are a 
series of buttes and mesas, the most remarkable of these being Signal 
mountain on the west side of Girard creek. This butte, apparently 
perfect in outline from any view, stands out as an outlier entirely 
isolated from the mesa. From the base of the mesa, south of Big 
Spring, a great body of constantly flowing water comes to the sur- 
face, forming the water supply of that town. 

While the conglomerate east of Girard creek is plainly post Per- 
mian and probably lower Trinity, and the beds described west of the 
creek are probably of corresponding age, it is quite possible that the 
white sands of Girard creek are still Permian. 

EROSION AT SOUTH BORDER OF I.I.ANO ESTACADO. 

The type of erosion west of Big Spring is interesting. Girard 
creek, so called, is not a creek in any* sense of the word. There is a 
broad valley, but without extraordinary floods water cannot flow in it. 
For six miles the railway follows up this valley, then the valley turns 
northward into the Llano Estacado. The average width of the valley 
is not more than a mile, and the borders are more or less degraded 
bluflFs, sometimes quite abrupt, and generally from 50 to 100 feet in 
height. There is no channel, but here and there a lagoon, generally 
no more than a bog or an alkaline flat without vegetation of any kind. 
The valley has apparently been deeper, and it is now filled with sedi- 
ment probably in part brought down from time to time whenever ex- 
cessive rains furnish water enough to permit of its flowing, as I am in- 
formed is sometimes the case. Much of the detritus with which the 
valley is at present clogged is derived from the neighboring cliff's in 
time of rain, and is deposited in the form of local and temporary deltas. 
The general appearance of the valley is tliat of a shallow estuar>' in 
the marshy country of the seacoast of the northeastern states. This 
resemblance is increased by the presence of barren flats without vege- 
tation and the presence in places of a coarse salt grass, whose habitat 
is a damp clayey alkaline soil. Much of the valley is occupied 
by low mounds (cone deltas) and mesquite flats, and one would not sus- 
pect that water ever flowed in the valley. 
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How to explain this compafatively deep valle}-, and the clogged up 
channel is difficult. The stream, when one flows, is plainly over- 
burdened. In some way it may be connected with the Quaternary 
lake deposits of the Llano Estacado. It ma}- even be a case of reversed 
drainage, or, if not, a valley formed in times when the water supply 
was greater than at present. 

South of Big Spring the valley is quite different, being here cut into 
the bed rock not only in the channel proper but runs into the 
surrounding country. The sharp erosion at this point indicates a 3'ounjf 
drainage and it seems very much as if the headwater erosion of a re- 
juvenated stream was now employed in removing the detritus with 
which the stream bed has been clogged in earlier times. The Concho 
river farther west is a similar instance of this peculiar drainage. 

PROBABLE PERMIAN NEAR PECOS CITY. 

Bieyond Arroya rocks appear, the geological position of which I am 
unable to give. These are white limestone, weathering chalk}- white. 
They may be a part of the lower Trinity. 

Beneath these, near Quito, east of Pecos City, a compact well-jointed 
red sandstone occurs, dipping gently southeast. This, I believe, to be 
Permian, though I can offer no definite proof of this, since there are no 
fossils and I have not studied their relation with beds above and below 
which may be possible further south. 

A company recently organized has commenced developing this 
sandstone, which promises to be one of the best in Texas, and 
to rank well with the building stones of the west. It is of a beautiful 
red, uniform in color and texture, easily worked, yet durable and 
in every way adapted to the best uses in building. Considerable stone 
has already been contracted for The company was, at the time I 
passed, engaged in boring a well which had alread}' passsed through 
one hundred feet of red sadstone. This, coming as it does, below what 
appears to be the base of the Trinity, seems to indicate a Permian age. 
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PART II. 
GEOLOGY OF THE GUADALUPE MOUNTAINS. 

GENERAL STATEMENT. 

For reasons which will appear later, I believe the Guadalupe moun- 
tains to be carboniferous in age contrary to the opinion of the Shu- 
niard Brothers, the only other geologists who have ever studied the 
mountains * 

The lower rocks are yellow, clayey sandstone, with beds of black 
limestone, in places almost a slate. The middle beds are thick bedded 
fossiliferous white magnesian limestone and the upper beds sandstone 
chiefly. These will be described in more detail later. No Permian 
beds appear between the Guadalupe mountains and the Pecos in the 
section studied, but wherever the Carboniferous is covered by later 
formations these deposits are either Quarternary or Cretaceous. In 
the mountains proper, the rocks are all Carboniferous, but on the 
northern end in New Mexico Cretaceous beds exist in the foot hills, 
and from this point a scarp of Cretaceous rocks covers the Carbonifer- 
ous at a progressively increasing distance toward the southwest being, 
at the head of Delaware creek, about twenty miles from the base of the 
mountains. Quarternary conglomerate appears both on the Carbonif- 
erous and Cretaceous at places. 

Topographic Features ok the Guadalupe Region. 

The chief part of the Guadalupe mountains lie in New Mexico, and 
this end was visited only in so far as was necessary for a correct un- 
derstanding of certain general features. 

The general form of the Guadalupe mountains is prow shaped. 
Commencing in New Mexico, at a moderately low elevation and more 
than twenty miles wide, they become progressively higher followed 
southward, at the same time becoming narrower until the point of the 
mountain is reached. This, the southern part, is just south of Guada- 
lupe Peak the highest point, which is eight thousand feet above sea 
level. The point of the mountains is a precipice in the white magne- 
sian limestone fully two thousand feet high which suddenly termi- 
nates the mountains. South of this the line of disturbance is contin- 
ued in the form of foot hills with an abrupt face to the west. 

On the northern end in New Mexico the mountains continue for 
many miles becoming progressively lower until they are really no 
more than foot hills. The dip of the strata in the mountains is very 

*Mr. W. P. Jenney speaks of ihein as carboniferous, but without giving rea- 
sons. Mr. Jenney's report to the railway company has never been published, 
and merely a brief mention of the mountains appears in his paper Am. J. Sci., 
1874, previously mentioned. 
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nearly east on the average, being in some cases N. 70° E. At places 
the amount of dip is widely different, but in general it is from three to 
five degrees a few miles away from the mountains and become in 
some cases twenty to thirty degrees in the heart of the mountains. 
Xhe.-'diTection' of dip is quite variable locally because of numerous 
smalHolcis^ The Guadalupe are monoclirial in structure, the dip"be!llg 
diagonal to the eastern exposed face. That is, the mountains as seen 
from the east trend N. E. by N. while the dip is N. E. by E- This, 
therefore, accounts for the progressive increase of elevation southward 
as well as the rise to the westward, in other words, it accounts for the 
mountains as seen from the east. 

A gradual increase of dip westward to the heart of the mountains is 
then followed by a general decrease in amount of dip, and this gentle 
easterly dip on the west face of the mountains quickly, in two miles, 
and in some cases even less, changes to a sharp westerly dip, in some 
cases as high as thirty degrees. Numerous small faults and folds \yere_ 
detected in the area, which has a linear extension in the region ex- 
amined of at least twenty-five miles. A valley marks this apparent anti- 
clinal crest for the entire distance and occupies the site of what I believe 
to be a great fault. The evidence both for and against this hypothesis 
will be given later. On this basis the Guadalupe mountains are con- 
sidered to be a Carboniferous monoclinal fold dipping eastward and 
terminated to the west by a great north and south fault. The anti- 
clinal appearance being due to dragging up of the strata on the down- 
throw side. These points are mentioned in this place on account of 
the bearing which they have upon the development of the topographic 
features; but their discussion is reserved for the chapter upon the 
geologic structure. 

Sharp and rapid erosion has deeply carved these hard rocks. One 
of the most striking features is the remarkable roughness of the moun- 
tains and the innumerable great precipices everywhere existing in the 
mountain canons. There are hundreds of distinct precipices over a 
thousand feet high, nearly vertical. These are observed in every canyon 
and many large gorges heading in the interior of the mountains. This 
feature is rendered possible not alone by the youth of the drainage and 
the massive hardness and uniformity of the magnesic limestone form- 
ing the greatest part of the center of the mountains, but also by the 
character of the joint planes which are vStrongly developed to great 
depths. Possibly, also, fault lines may have aided in this, but of these . 
I have found no evidence in any part of the mountains, except the 
western face. 

DARK CANYON. 

The Guadalupe mountains are drained by five important creeks, 
three of which flow eastward into the Pecos and two westward into the 
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Crow Flat Valley, where any water that they may ever carry is lost. 
The easternmost of the east flowing tributaries is Dark Canyon, which 
heads well up toward the Texas line and flows a little north of east 
throuj^h New Nexico into the Pecos. Everywhere in the mountains and 
in the foot hills beyond, this creek has for its valley a precipitous 
canyon. There are several small springs in its course, but it carries no 
flowing water. From a ranchman living in this valley I learned that 
for three years th^ creek, in its middle course, had never carried flowing 
water. Yet that it sometimes does carry running water in the form 
of great floods is attested to not alone by the depth of its valley, but 
by the vast number of large well rounded pebbles with which its chan- 
nel is littered. 

BLACK RIVER. 

The next creek southward toward the point of the mountain is 
Black river, rising by a number of tributaries in the mountains and 
flowing about North 70° East along the dip of the rocks to the Pecos. 
There are several canyons of importance among its mountain tribu- 
taries, but the southwesternmost, McKitterick canyon, is the most im- 
portant, and may be taken as a type of the mountain streams in the 
Guadalupes. 

MCKITTERICK CANYON. 

At the base of the mountains, near the mouth of McKitterick canyon, 
this stream has a moderately deep valley with quite precipitous sides. 
From this point the canyon becomes rapidly rougher, proceeding up- 
stream, and at a distance of two miles from its mouth it is inaccessible 
to wagons. In a very short distance it is inaccessible to a horseman, 
and is traversed on foot only under great difficulties. About one and 
one-half miles from the mouth the canyon forks, and it is by the south- 
ernmost of these two forks that the greater part of the Texas end of 
the mountains is drained, while the northern branch drains a great 
area in New Mexico. These two forks, one from the,south the other 
from the north, flow nearly parallel to the trend of the mountains, and 
meet at an angle of about 125 degrees, then the stream cuts through 
the mountains to the plateau on its way eastward to the Pecos. Ir- 
regular in coiu'se in the mountains, and with many small tributary 
gorges, these two forks of McKitterick canyon have done much toward 
sculpturing the mountains into their present form, and have thus ac- 
quired a large and very much broken drainage area. 

The hill gorges and canyons in this drainage area are scantily timber 
covered. A general absence of soil and the aridity of the climate are 
adverse to any other condition. Yet in the canyons, sheltered from 
the sun, and upon the higher hills and valleys, much pine and cedar 
timber is found. Other vegetation is very scanty, and of the usual 
arid land types, so that upon the steep slopes there is little or no pro- 



24 Reconnoissance of the Guadalupe Mountains. 

tection to soil that might have a tendenc}' to form under more favor- 
able circumstances. 

Although in the midst of a truly arid region, the elevation lifts the 
general mass of the mountains above this condition into the sub- 
humid belt. Several months are liable to pass without rain, but 
during May, June, July and other warm months the' higher parts of 
the mountains are frequently capped with rain clouds, and the rain 
gathered in there often falls well out upon the surrounding plateau 
and foot hills. During the winter the mountains contain considerable 
snow, which in the higher and more protected canyons lasts sometimes 
as late as the middle of April. 

During excessive rains the creeks carr}' water to the Pecos, but this 
is very rare, and for the greater part of the year the plateau channels 
are simply dry creek beds; but that they are simply sleeping giants is 
proved by the broad channels filled with large pebbles and even 
boulders of white limestone, whose only source of supply is the heart 
of the mountains often several miles distant. 

Numerous springs in the main canyon and its tributary gorges in the 
mountains furnish a supply of pure clear water, which flows nearly to 
the mouth of the canyon, where it sinks into the gravelly creek bed. 

All along the canyon and its tributar>- gorges hills of circumdenuda- 
tion rise abruptly to an elevation often exceeding 2(KK) feet. The 
slope is rarely less than 30 degrees, and frequently there are grand 
perpendicular walls almost vertically rising from ICXK) to ISCK) feet 
above the talus. All of the larger precipices are in the massive white 
limestone. Many of the mountain peaks are absolutely inaccessible 
from the canyon, and all are ascended only with great diflficulty. 

This is a 3'oung mountain stream, and has been a ver>' active one. 
This is shown not alone by the rapid fall in the channel and the won- 
derfully precipitous sides, but also by the presence of a cemented con- 
glomerate, a remnant of the old stream bed, found in fragments cling- 
ing to the side of the canyon upon the limestone wall, in one case fifty 
feet above the base of the channel. The climatic conditions greatly 
favor rapid erosion in spite of the fact that very little rain falls. One 
mountain torrent will remove in a few hours more detritus than could 
be removed in man}- months by water which collects in a stream by 
the ordinary rains of a humid climate. Another factor is. of course, 
the great elevation above base level. Then also the ordinary'' processes 
of sub-aerial denudation act strongly in such a region, and the chief 
work of erosion is the down cutting of the channel, which is not re- 
tarded by the necessity' of removing a load imposed upon it by the 
wasting away of the valley sides. 

The great amount of rock removed in McKitterick canyon alone can- 
not be appreciated. The valley for five miles will average 1000 feet 
deep and one quarter mile wide at the base, increasing in width at an 
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average angle of 35 to 40 degrees toward the top. To this must be 
added innumerable small and large tributary gorges, all of which are 
and have for a long time been at work sculpturing the mountains. All 
of this has an important bearing upon a geologic feature to be noticed 
later. 

The great floods which sometimes flow from these mountains are 
not only laden with sediment, but roll along quantities of pebbles, in 
some cases more than 100 pounds in weight. Reaching the plateau, 
and thereby coming to a region with a smaller angle of slope, the 
overburdened stream can carry the load no farther, and there it is de- 
posited in or near the channel. These stream channels near the 
mountains are sometimes a quarter of a mile wide and completely lit- 
tered with pebbles. This is, I believe, the true cause of origin of 
some of the Quaternary and recent conglomerates on the plateau. 
Indeed, in some cases it is undoubtedly so. 

Another important factor among these mountain streams is corrosion. 
All the springs are impregnated with lime, and in a short distance, on 
flowing over the limestone bed, the water becomes saturated. Shortly 
becoming overcharged by evaporation, the lime is deposited, and much 
of the bed of ihe creek in McKitterick canyon in its lower course has a 
tufaceous deposit by which pebbles, leaves and sticks are cemented 
together into a stream bed conglomerate. Much of the conglomerate 
in the plateau east of the mountains has a similar cement. Thus in 
the lower two or three miles this mountain brook flows in a cemented 
pebbly bed, while in the upper course it runs upon irregular rounded 
bedrock, which it is rapidly eating up by chemical solution. 

Corrosive work is also noticed on the hill sides, where the * 'mountain 
type" of corrosion is well shown. It is so called on account of the 
simulation by chemical solution of a relief map of a mountain chain 
with its gullied ranges and parallel valleys. In the Carboniferous 
limestone the ridges are rarely more than two or three inches apart, 
and the valleys not more than an inch in depth. This added to the 
projection of fossil remains produces a very rough surface. So hard 
and rough are all the weathered rocks that they are called granite and 
porphyry by the ranchmen, and compared in cutting power to glass. 

Owing to the steeply sloping sides and the hardness of the white 
limestone there is very little soil anywhere in the white limestone 
region, but everywhere the surface is strewn with angular corroded 
fragments of rock. 

While McKitterick canyon has gained possession of much of the 
drainage area of the center of the range other small branches are 
engaged in a struggle for territory on the eastern tace. For several 
miles south of the Texas line there is a narrow ridge which, from the 
east, appears to be the higliest part of the mountains at this place. It 
is nearly 8000 feet high and 2500 feet above the base. This is the 
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divide between some small northwest flowing gorges tributary to 
McKitterick canyon and some east flowing gorges tributary directly to 
Delaware creek. The divide is for some distance (about two miles) a 
narrow, rocky ridge, often not more than five feet wide. On both 
sides of the ridge is a small precipice rapidly crumbling down and 
falling as a talus. In this way the ridge is rapidly losing elevation. 

PINE CANYON. 

A tributary to Delaware creek, Pine canyon, south Of McKitterick 
canyon, is the only other branch of any importance tributary to. the 
Pecos. It heads in or near the base of Guadalupe Peak, and it is the 
erosion of this creek which has given to this part of the mountain its 
sharply defined topographic relief— a feature which is rendered possi- 
ble by the high elevation of that region. The description of McKit- 
terick canyon applies in all its essential features to this stream. 

DRAINAGE ON THE WEST SIDE OF THE GUADALUPE MOUNTAINS — DIF- 
FERENCE BETWEEN THIS TYPE AND THAT ON THE EAST SIDE. 

The east face of the Guadalupe mountains, while rugged and steep, 
is in very few places inaccessible. The northern end is low and not 
diflficult of access, but as the high southern end is approached the 
ascent becomes more and more difficult, and at the precipitous Point it 
is impossible to reach the top. Furthermore, the eastern side is cut 
by gorges and canyons, some of which, as has been described, reach 
well into the heart of the mountains. The base of the mountains is 
not bordered by foothills, as is frequently the case in similar ranges, 
but eastward to the Pecos is a plateau with a quite rapid descent in 
that direction. 

This plateau is carved into hills and valleys by stream erosion, 
but is not excessively broken. The slope both of the plateau and 
mountains on the east in general corresponds with the dip of the 
underlying rocks. 

On the western side, however, a difference in geologic structure has 
produced a diffierence in topographic character. The western face is 
precipitous and inaccessible wherever the white limestone outcrops on 
that side. Furthermore the sharp western dip of the rocks at the 
base of the mountains on that side has rendered the existence of a 
series of foot hills in this region possible, and their condition has been 
favored by the existence of a valley marking the approximate site of 
the line of geologic weakness. This line, whether fault or fold, is 
now marked by two valleys in the region which I have studied. One, 
Guadalupe canyon, on the south, heads in two forks, one on either side 
of the precipice called ** Point of the Mountains." A spring exists 
near the head of the northernmost of these, 'but neither fork carries 
running water for any distance at ordinary times. It seems an 
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inadequate cause for the remarkable precipice, and I am inclined to 
explain it by other causes than recent erosion. This explanation 
will appear in its proper place. The drainage of this canyon is into 
Crow Flat valley. 

DOG CANYON. 

Dog canyon, the only other stream of importance draining the 
west side of the Guadalupe mountains in this section, heads very 
near the headwater of ^ the southern fork of the Guadalupe canyon 
and at the western base of the point of the mountains. It cer- 
tainly seems impossible that this small stream, in which no spring 
even exists, could have carved the precipitous western face of the 
mountains into its present form and removed all the rocks that are 
absent. This seems still more impossible when compared with the 
amount of erosion done by better armed streams on the eastern 
side. Dog canyon, after flowing parallel with the face of the moun- 
tains for fully fifteen miles, cuts through the foot hills and is lost 
amid the sands and gravels of Crow Flat valley. Several small 
tributaries encroach upon the mountains somewhat, but in general the 
drainage area is confined to the foot hills and the precipitous slope of 
the western mountain face. A very little timber, chiefly cedar, exists 
in this valley. 

CROW FLAT VALLEY. 

Crow Flat valley, which has been mentioned several times, is a 
remarkable valley which I am entirely unable to definitely explain. In 
order to understand it a much broader study than I was instructed to 
make will have to be made, extending both into New Mexico and far 
south of the Guadalupe mountains, and including the mountains on 
either side. That it is originally a valley of construction is plain, but 
in just what manner I cannot say. Its linear extension is in general 
north and south, extending, to my knowledge, fifty miles. The eleva- 
tion near the point of the mountains is 43(X) feet, thus being more than 
a thousand feet lower than a corresponding point on the east side of 
the mountains at an equal distance from the base. • The valley rises 
toward the north and apparently heads in the gap between the Guada- 
lupe and Sacramento mountains in New Mexico. I know nothing of 
the valley south of the Guadalupes, but am informed that it gradually 
loses elevation in that direction. The Guadalupe mountains form the 
eastern wall, and this is continued in a line of foothills with a precipi- 
tous western face far to the southward. These foothills lack elevation, 
in part by the absence of the white limestone which forms so much of 
the mountains proper. On the west side of the valley is a mesa having 
a high east- facing wall, with a gentle dip appearing to be eastward as 
viewed from the west side of the valley. Whether this trough is 
closed at the southern end or not I cannot say, although the uplift of 
the Davis mountains may have raised the southern portion. 
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PROBABI.Y I.ACUSTRINE. 

The Crow Flat valley is filled with a great accumulation of very- 
fine silt and sand. The borders are coarser and contain gravel and 
rounded pebbles, but from my limited examination I cannot pronounce 
these lake-shore deposits, for they dififer in no apparent wa}' from the 
delta deposits formed by the mountain gorges at present when they 
reach more level ground. Other evidences exist in favor of lacustrine 
origin, though I do not consider them conclusive. The deposits, from 
one side of the valley to the other, for a distance of from ten to fifteen 
njiles, consists of a ver>' fine silt, in the center at least forty-five feet 
deep. No channel exists to indicate fluviatile origin nor does it seem 
possible that a river could produce such a sediment over so broad an 
area. This is rendered still more doubtful when it is considered that 
there is a considerable, though gentle, rise on both sides toward the 
valley borders. Near and south of the point of the mountain the 
center of the valley is occupied by a series of shallow lagoons, in which 
water collects at times. The water is alkaline and gypsiferous, and 
crystals of selenite sparkle in the sand. One lake is a salt lake, sup- 
plied by a spring of brine, which, upon evaporation, produces a crust 
of salt — the source of supply of all the salt used by the ranchmen in a 
radius of a hundred miles or more. A stratum of alkaline water is 
found in this valley at shallow depths wherever sought after. Near 
the northern border of the alkaline lagoons is a bed of white gypsum, 
apparently interstratified with the clay deposits. This is exposed by 
recent erosion in a semicircle, and is apparently horizontal, or nearly so. 

These various facts indicate a recent large lake, now in the last 
stages of desiccation ; but, upon so incomplete a study, I hesitate to 
pronounce it one, but prefer to leave this to a later study by one who 
can give it a more extended examination than I was able to do; and 
this will serve merely as an indication of the possible existence of 
such a lake. 

ORIGIN OK THE VALLKY. 

The cause of this valle}^ is also doubtful. It may possibly be a 
valley of erosion. Certainly much erosion has taken place on its 
borders, but no more than could be easily accounted for by lacustrine 
shore erosion. The southward slope is not counterbalanced by a bar- 
rier on the south, and might be considered evidence in favor of the 
erosion theory and fluviatile origin of sediment. Still, even this would 
not l)e conclusive, since the orographic movements to which this sec- 
tion has been subjected in late geologic time may have tilted the basin. 
A critical stud}' will undoubtedly settle these points. 

A simple explanation, though as yet without satisfactory proof, is 
that it is a valley of construction. Under a discussion of the strati' 
graphy this will be more carefully considered. On this theory a sup- 
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posed fault near the western base of the Guadalupe mountains has 
dragged up the west-lying strata, and produced a synclinal trough in 
the otherwise nearly horizontal strata. 

SPRINGS SUPPLIED FROM THE MOUNTAINS. 

From the above discussion it will be seen that the general dip of the 
strata in the Guadalupe mountains is a little north of east. Both the 
surface and underground water is guided eastward by this cause. The 
surface water flows away only in times of heavy rains, while the greater 
part of the water sinks into the rocks and passes away beneath ground. 
This appears upon the plateau at favorable places in the form of num- 
erous large springs. Under the head of artesian water these springs 
will be described in connection with a discussion of the underground 
water supply. 

Strati(;raphv of the Guadalupe Mountains. 

According to my observations Dr. Shumard's description is some- 
what faulty in places. The dip of the strata is given by him as E. S. 
E., whereas I find that the dip is nearly east, and in places N. 70° E. 
The general succession of strata I find to be about as he has given. 
His section in descending order is as follows: 

Feet. 

1. Upper or white limestone 1000 

2. Dark colored or thinly laminated and foliated limestone 50-100 

3. Yellow quart/ose sandstone 1200-1500 

4. Black, thin-bedded limestone 500 

An approximate section at the point of the mountains where I under- 
stand his section to have been made is also in descending order, accord- 
ing to my observation, as follows: 

Feet. 

1. Upper or white limestone 1200-1500 

2. Dark colored limestone 50 

3. Yellow, clayey sandstone, with numerous bands of black and white 

limestone 1200 

4. Black limestone shale and slate 200 

I saw no such development of black limestone as he mentions (4), 
though possibly he may have found other evidence elsewhere. Fault- 
ing and folding have duplicated the lower.beds near the Point of the 
Mountain, and it may be that he overlooked these disturbances. The 
hurried nature of Dr. Shumard's journey and the difficulties attending 
geologic work at that time in the west would excuse an oversight of 
this nature. 

As the dip is northeastward the beds are much higher at the Point of 
the Mountains than farther north. Above the massive limestone is 
another series of limestones and sandstones found only on the highest 
points in Texas, but, farther to the north, in New Mexico, these are 
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well developed and form the bulk of the mountains. I have made no 
section of these beds, but they cannot be less than 1000 feet in thick- 
ness. 

Near the mouth of McKitterick canyon I made a detailed barometric 
section. The greater part of the sandstone beds (No. 3, previous sec- 
tion) are beneath this section which is in an ascending order. 

Feet. 

1. Thick bedded white limestone 30 

2. Fine grain massive thin bedded bluish grey limestone 15 

3. Massive thick bedded white limestone 20 

4. Shaly yellow limestone 1 

5. Thick bedded white limestone 6 

6. Yellow magnesian limestone 4 

7. Yellow magnesian limestone (shaly) 5 

8. Contorted greyish white limestone {Fusilina) 40 

9. White chalky limestone with ironstone concretions 10 

10. Yellow limy sandstone with ironstone concretions 8 

11. White limestone «... 12 

12. Yellow limy shale with much ironstone 30 

13. Thick bedded yellow magnesian limestone 30 

14. Yellow shaly magnesian limestone 50 

15. Thick bedded magnesian limestone 4 

16. Shaly magnesian limestone 2 

17. Thick bedded magnesian limestone 3 

18. Shaly magnesian limestone 31 

19. Massive blue limestone with flint nodules 10 

20. Hard flinty sandy limestones 2 

21. Massive dark blue limestone 5 

22. Slate and blue slaty limestone 28 

23. Fossiliferous {Spiri/erina, Bryozoa, etc.), blue limestone with chert ... 5 

24. Similar limestone shaly wnth nodules and layers of chert 4 

25. While crystalline limestone fossiliferous in places sometimes thin l>edded 

but generelly massive 26 

26. Dark blue slaty limestone 2 

27. Fossiliferous white granular thick bedded limestone 38 

28. Thick bedded grey blue limestone 4 

29. Similar magnesian limestone, shaly in places 21 

30. Shaly stinking limestone very fossiliferous 5 

31. White fossiliferous thick bedded limestone 25 

32. Shaly stinking dark blue ver>' fossiliferous limestone 2 

33. Thick bedded white limestone ^No. 1, previous section). 

It will be observed that the dark blue limestone spoken of by Dr. 
Shumard, and mentioned provisionally in the previous section, does 
not appear just below No. 33 in this section of detail, although numer- 
ous bands of dark blue limestone are found at various points beneath 
the white limestone. The total thickness of the above section is 478 
feet. The upper 123 feet (No. 2") to 32 inclusive) belong, I believe, to 
to the white limestone series as exposed in the precipice at the Point 
of the Mountain. The next lower 54 feet (No. 19 to 24 inclusive) are 
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probably the equivalent of the dark blue limestone at the Point of the 
Mountain. The lower part of the section is the equivalent of the upper 
part of the lower sandstone series and indicates the gradation from 
one to the other. It is better developed at McKitterick canyon than at 
the Point of the Mountains The remaining sandstone series consists 
chiefly of yellow sandstone with many bands of limestone generally 
narrow and usually black or dark blue with a few layers of light col- 
ored limestone. 

Still below this, is the series of black shales, dark blue limestones, 
and even slates, as far as the section is exposed at this point. Neither 
the true sandstone nor the underlying black shales appear in the 
mountains, except at the very point where they underly the precipice. 
Followed northward they quickly dip out of sight, but southward along 
the line of foothills the continuation of the mountains, both the sand- 
stone and shales, appear. The total section exposed in the Guadalupes, 
approximately stated, cannot be less than 40(X) feet, including the New 
Mexico series, which exist above the white limestone. 

POSSIBLE CORRELATION WITH CENTRAL TEXAS CARBONIFEROUS. 

No attempt will be made at a division of the strata on the insuf- 
ficient data at hand, nor will any attempt be made to correlate these 
beds with the Carboniferous of the Central Texas Palaeozoic region of 
which they are an undoubted westward extension. Such a correlation 
may never be possible, owing to the diverse condition of sedimenta- 
tion under which they were laid down. This certainly cannot be done 
without a very careful comparative palaeontologic study. Still I wish 
to point out a rather striking resemblance between the order of deposi- 
tion of the two series. In Central Texas there was first a shallow 
water sandy deposit, followed by a deeper water limestone of quite 
uniform character, and thirdly, a shallow water sandy deposit — an 
exact repetition of what is observed in this series. The first includes 
the Richland and Milburn divisions, the second the Brownwood divis- 
ion, and the third the Waldrip and Coleman divisions. In the case of 
the Central Texas region we find both the top and the bottom of the 
series, but in the Guadalupe mountains neither end of the series is ex- 
posed in the studied section. Apparently the western series is the 
thinner of the two, although this cannot be asserted until more is seen 
of it; yet this is what we would expect, since all conditions of sedi- 
mentation in this region were apparently less favorable than to the 
eastward. 

Compared with the Central Texas Carboniferous the lower series 
might be considered the Richland sandstone, the middle the Brown 
wood, and the upper the Coleman divisions, with the narrow Milburn 
or Waldrip divisions either merged into the other or wanting. This is 
simply a suggestion, which may sometime be of value. The absence 
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of any indication of the immediate proximity of a shore line is marked. 
The sandstone does not appear rippled nor cross- bedded, nor is there 
any conglomerate in the mountains, or even a coarse-grained sand- 
stone. All the sandstones contain much clay and limy matter, and 
were apparently deposited in quiet water off shore. A carbonaceous 
shale- has been found in both the upper and lower sandstone beds, but 
no indication of coal or coal plants are found elsewhere. 

There was a gradual subsidence, followed, after a long interval, 
judging by the thickness of the limestone, by a corresponding emerg- 
ence. It is doubtful if Permian beds were ever deposited upon these 
rocks, which may very probably have formed one border of the Per- 
mian sea. 

AGE OF THE STRATA. 

Dr. B. F. Shumard* has described fossils from these mountains, and 
pronounced them Permian. Without good evidence I would hesitate 
to pronounce an opinion contrary to his, especially with the limited 
knowledge at my command. But stratigraphic evidence is almost 
conclusively against his opinion. I travelled completely across the 
Central Texas Permian, and l^ecame familiar with the peculiar aspect 
of these rocks, and unhesitatingly state that there is no stratum in the 
Guadalupe mountains, which, upon lithologic grounds, could be mis- 
taken for Permian. Lithologic grounds for correlation of age is, in 
general, bad; but in this case it is not so, for the red color of the Per- 
mian beds is so distinctive that its absence in neighboring beds is al- 
most indisputable proof of a difference in age. The red beds are 
traced to within seventy-five miles of the Guadalupe mountains — a 
small distance in the consideration of a broad geologic question in a 
region of simple geology like this. Furthermore, the rocks are below 
the Permian. The Permian in Central Texas is found resting upon 
and probably grading into the upper Coal Measure rocks. It is a 
lacustrine deposit, with beds of salt, gypsum, conglomerate, red clays 
and limestone, generally unfossiliferous. Fossils are found in the 
Permian only in a few beds. On the other hand, the fauna of the 
Guadalupe beds is rich and varied, living in clear, open water. To be 
contemporaneous with the rocks now admitted to be Permian in Texas 
a barrier followed by deep sea would all have to exist in seventy-five 
miles Ixrtween the westernmost Permian and the easternmost Carbon- 
iferous outcrop which I have seen. Such a condition is out of the 
question, and it seems to follow that the Guadalupe mountains form 
one end (the western; of a syncline, with the Central Texas Carbonifer- 
ous for the eastern end and the Permian deposits resting in the trough. 

The palttontologic evidence offered by Dr. Shumard shows a strik- 
ing faunal resemblance to the Permian of Europe, and at that time he 

"Trans. St. Louis Acad. Sci.: IS')**, p. 3S7; 1859, p. 290. 
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was justified in his correlation, though I am certain that had the Cen- 
tral Texas Permian been known to exist he would have classed the 
rocks of the Guadalupe mountains as Upper Coal Measure, instead of 
Permian. 

Dr. Shumard describes from these strata forty- four species of fossils, 
twenty-seven of which were new. Of these not one species has been 
recognized in the Permian of Central Texas.* In Miller's North 
American Geology and Palaeontology four of these are given as Coal 
Measure fossils, three are referred doubtfully to the American Permian, 
and the remainder are referred to the Permian chiefly upon the author- 
ity of Dr. Shumard, though two or three of the species are recognized 
European Permian forms. I believe that a number of Dr. Shumard's 
species, from this localit^^vill be found identical with Upper Coal 
Measure fossils. There is certainly a striking resemblance between 
these fossils and the fauna of the Central Texas Coal Measures, and a 
marked difference from the species found in the Permian. Strati- 
graphic, palaeontologic and lithologic features, therefore, all seem to 
prove that these rocks are Coal Measures, rather than Permian. 

MONOCLINAL STRUCTURE. 

The general stratigraphy of the mountains is simple, though com- 
plicated in places by small folds. No fiaults in the mountains have 
been detected, and a careful instrumental survey w^ill be necessary to 
detect them, if any exist, for there is such a remarkable uniformity in 
character of many of the rocks, and a repetition of similar beds, that 
their discovery will be difficult. 

Near the mouth of Dark canyon, in New Mexico, at the base 
of the mountains, the general dip is from 2° to o° east, gradu- 
ally increasing toward the mountains. The increase in dip is 
frequently quite sudden (2o° in one case), followed by a more 
gentle dip, and thus the strata rise in a series of short mono- 
clines, rarely more than one-fourth to one-half mile in length. Occa- 
sionally a very short, crumpled anticlinal fold is noticed, but the gen- 
eral structure is a large monocline, including the entire range, made 
up of numerous small monoclines. This is better shown in New Mex- 
ico among the alternating upper l)eds than in the Texas end, where 
the chief rock is the massive white limestone, in which small dis- 
turbances cannot be noticed. 

In Dark canyon the greatest general dip that I saw was N. 
75° E., 10° to 15°. In this section a great part of the moun- 
tains are little else than foot hills, but toward the Texas end the 
mountains become higher and here also the angle of dip increases. 
From the general dip of from 3° to 5° on the off-lying plateau, 
there is at the base of the mountains a rapid increase in angle 

♦See list by Dr. C. A. White, Am. Nat., Vol. XXIII, No. 266, Feb., 1889, p. 115. 
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towards the center of the mountains, where it reaches as much of 25° 
as a general dip toward the east. Small folds are present and 
noticeable in the less massive layers, which are sometimes quite crum- 
pled. As the western border of the mountains is approached the an 
gle of dip becomes less — in some cases not more than 5° to 8°. 

PROBABLE FAULT ALONG WEST FACE. 

Passing over the mountains, on the west side, a sudden change in 
dip is noticed. The foot hills on this side have a general westerly dip 
averaging fully 10°, and often more. Small folds and faults are also 
abundant, and this character is noticeable for more than fifteen miles 
to beyond the Point of the mountains. The change in dip occurs in 
less than two miles, and is so sharp that it seems impossible to account 
for it by folding. Still, I am unable to prove a fault, owing to the 
lack of facilities and time at mv command. It is true that the rocks 
on the west side resemble those upon the east side of the disturbance, 
in both cases being black shale, blue limestones and yellow sandstone; 
but this series of beds occurs at two places below the white limestone, 
and also above it. If the rocks dipping west are the equivalent of the 
uppermost series, then there has been a fault of fully 2000 feet throw, 
and the white limestone so strikingly shown in the precipice of the 
mountains is here beneath the Crow Flat vallev. If the dark lime- 
stones are the equivalent of the series of beds just beneath the white 
limestone, there has been a throw of about five hundred feet. In the 
latter case the great thickness of white limestone has been removed by 
denudation, and the same is true if the disturbance is a simple anti- 
clinal fold. 

Tentatively I interpret this to be a great fault terminating the mono- 
cline of the Guadalupe mountains. I will not attempt to estimate the 
amount of throw, but the direction of the line of weakness is south- 
east and northwest, and is marked along its entire course bj' a valley 
bounded on one side by the precipitous Guadalupe mountains, on the 
other by the disturbed and faulted foothills, having an opposite dip 
west. The suddenness and sharpness of the change in dip, the dis- 
turbed character of the rocks which, on this theory, have been 
dragged up with the rising mountains, and the evident line of weak- 
ness, are my reasons for this conclusion, which is advanced tentatively. 
An instrumental section of the mountains is all that is necessary to 
determine this. 

On the west side of Crow Flat valley, fifteen miles from . the foot 
hills, the rocks appear to l>e dipping very gently eastward. 

DELAWARE CREEK DISTURBANCE IN CRETACEOUS. 

Shumard describes a disturbance in the strata of the Cretaceous* 

♦A Partial Report on the Geology of Western Texas. G. G. Shumard, 1886. 
Also Trans. Acad. Sci., St. Louis, 1h.i8. 
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rocks near the mouth of Delaware creek, which is pre-Quaternary, as 
proved by the conglomerate of that age resting upon it. The rocks 
are tilted at various angles from 20° to 50°. I did not see the place he 
describes, but found a similar condition at two places southwest of the 
mouth of the Delaware. There seems to have been a line of disturb- 
ance in a N. E. and S. W. direction, for one of the places where the 
disturbed rocks were observed is south of the head of the Delaware 
and twenty-five miles S. E. of the place which Shumard describes. 
This line of disturbance is marked by the presence of a range of high 
hills for the entire distance. What connection this bears to the 
Guadalupe mountain uplift I am unable to determine, but the Car- 
boniferous strata near the head of the Delaware, as well as the over- 
lying Cretaceous, have a dip E. S. E. instead of N. E. by E., as is the 
case in the mountains. The trend of this line of disturbance is nearly 
parallel to the east face of the Guadalupe mountains, though at right 
angles to the supposed fault line above described and to the strike of 
the strata in the Guadalupe mountains. It may be that the plateati 
between the disturbance and the Guadalupe mountains is the upper 
end of a synclinal trough between the Guadalupe monocline and Dela- 
ware creek disturbance. The change in dip of the Carboniferous 
strata indicate this. 

PRE-CRETACEOUS EROSION. 

In a section from the eastern base of the mountains southeastward 
toward the head of the Delaware, the lower sandstones and dark, 
slaty limestones are exposed, but the thick-bedded massive white 
limestone does not appear, though to the east the lower portion i^ 
found just beneath the Cretaceous. Upon these lower beds rest the 
Cretaceous limestone. This points to a vast amount of erosion in pre- 
Cretaceous times, during which not only have 1200 to 1500 feet of mas- 
sive limestone been removed, but also an upper series of beds of fully 
1000 feet, and any Permian that may have existed. This enormous 
amount of erosion may all have taken place in post- Permian times, 
but it is quite likely that the Permian lake which existed east of this 
had near here its western shore. 

The entire absence of the white limestone at the contact with the 
Cretaceous, not more than twenty miles from the Point of the moun- 
tains, where it exists in the form of a striking precipice, suggests that 
the precipitous ending of the mountain may be thus accounted for. 
There is a sudden jump, almost vertical, from high mountain to foot 
hills. The precipitous Point is fully 15(X) feet above the top of the 
hills, which are a direct southward continuation of the line of dis- 
turbance and the difference in elevation, is approximately the thick- 
ness of the white limestone, which is not only absent on the hills 
south of the point, but is proved to have been removed at a point 
twenty miles southeast in pre-Cretaceous times. Quite likely, then, 
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the Point of the Mountain represents approximately the most south- 
western extension of the white limestone at the time of the great 
uplift. It has undoubtedly fallen back some by erosion, but judging 
by the backward retreat of the rest of the eastern mountain face this 
retreat has not been very great. The backward erosion on. the eastern 
face has been small, as can be proved by the gentle dip of the rocks 
near the mountain base 

It thus seems probable that the southern and southeastern precipice 
at the Point is the result of pre-Cretaceous erosion, while the western 
precipice and its northward extension is possibly to be accounted for 
by a great fault. In both these cases the precipitous character is aided 
by the massiveness and uniformity of the rocks and the strongly de- 
veloped N. E. and S. W. joint plane.s. 

QUATERNARY ROCKS. 

Quaternary rocks are present in many places on the plateau east of 
the Guadalupe mountains. The Quaternary deposits of Crow 
Flat valley west of the mountains have already been described. The 
Quaternary conglomerates which Dr. Shumard" mentions* as several 
hundred feet in thickness are present as he describes them, and I will 
not repeat his description of them. The study of these deposits is a 
broad one, which cannot be made in a limited area, but must be con- 
nected with other similar deposits in widely different areas. The 
Quaternary deposits of Texas furnish a great study in themselves. 

There is one point, however, that I am able to make. It is, that 
many of the so-called Quaternary deposits in this section are not 
Quaternar>' but recent. There is a class of conglomerate particularly 
well developed near the mountains, though extending, in some cases, 
far out upon the plains, which have neither been formed in lake nor sea, 
but are simply creek beds and mountain torrent deltas. I will not 
say that all the conglomerates are of this class, but there are many 
which are undoubtedly so. Every gradation may be seen between the 
present creek bed and the old creek beds now capping hill tops. It is 
furthermore an interesting fact, that most of the conglomerates, while 
often not exactly in the creek bed, are nevertheless in the stream valley, 
and the farther one goes from the stream the less frequent the con- 
glomerate deposits become. Hill tops out of the stream valley are 
sometimes capped with conglomerate, even upon the plateau far from 
the mountains, but these may be old creek beds, as is certainly the 
case frequently nearer the mountains. The capacity for carrying large 
pebbles long distances that these mountain torrent streams and creeks 
possess is remarkable and the evidence of it is present at every hand. 
Still a general study of all the Quaternary deposits is neccssar>'^ in 
order to unravel many obscure problems. 

♦Geology of West Texas, G. G. Shuniard, 188(>. 
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PART III. 
ECONOMICS OF THE GUADALUPE MOUNTAINS. 

ARTESIAN WATER. 

The dip of the strata being to the east, all underground water has a 
tendency to flow in that direction. The effect of this tendency is 
shown in the presence of numerous large springs on the east side of 
the mountains and their almost complete absence on the west side- In 
general, these springs are pure water though invariably heavily 
charged with lime, the presence of which is shown by the tufaceous 
deposits about the springs. Often these beds are of considerable extent, 
showing that the deposits have been for a long time forming. 

Frequently these springs come from the sandstone of the lower series, 
and in nearly all cases this is the direct source of i^upply, though the 
bed which supplies them is sometimes hidden by later formations. At 
the head of Delaware creek there are two springs within twenty feet of 
each other which posses widely different characters. One is so strongly 
sulphurous and saline as to be disagreeable to the taste, while the other 
is entirely free from such impurities. Shumard states that the former 
comes from the sandstones, the latter from the conglomerate. Such is 
not the case, however, for the surface rock from which they both 
escape is sandstone. At present a boulder of conglomerate, a remnant 
of the old stream bed, rests upon the sandstone near the fresh water 
spring. This conglomerate may have been more extensive at the 
time Shumard passed through the country, thus giving rise to his 
explanation of the phenomenon. Undoubtedly the supply of water for 
the two springs is in different layers of the sandstone. 

The structure of a large part of the mountains is such as to form a 
good source of supply for artesian water. Beneath the white lime- 
stone is a great thickness of alternating soft sandstone, natural reser- 
voirs, and hard black limestones, which form impermeable walls. The 
quite strong and uniform eastward dip furnishes a good head. There 
are two conditions, however, which are adverse to the extension of the 
water supply eastward In the first p^ace, Black river and Delaware 
creek form deep valleys of erosion, which have tapped some of the 
water-bearing strata. The other accident is the line of disturbance 
extending southwestward from the mouth of the Delaware. This has 
thrown all the rocks into a series of short folds, but the extent to 
which this has interfered with the artesian supply is at present un- 
known. 

To make exact calculation with the present data is out of the ques- 
tion. In fact, it is doubtful if such calculations can be made under 
any circumstances without actual boring, since the region east and 
southeast of the Guadalupe mountains is one of great complication. 
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In the first place, the amount of pre- Cretaceous erosion will be diffi- 
cult, if not impossible to determine, since the region is buried beneath 
the Cretaceous. In one place it is found that 1200 or more feet of 
white limestone has been removed, but how far this extends can 
hardly be told. Secondly, the amount of Permian beneath the Creta- 
ceous, east of the mountains, if any exist, cannot be ascertained, since 
from the end of Permian times to the beginning of the Cretaceous, 
this country was apparently a land area subjected to denudation Nor 
is the former Permian extension known. The thickness of the Creta- 
ceous has never been measured in this section, though this is a much 
easier task. Still, even this is complicated by the probable irregularity 
of the pre-Cretaceous surface. 

Thus it will be seen that an exact estimate of the probability of find- 
ing water at certain depths are out of the question. Captain Pope's 
unfortunate experience in searching for artesian water in this section, 
contrary to the advice of Dr. Shumard, seems to indicate an absence 
of artesian water. Still, he did not get down to the series of rocks 
which would be influenced by the Guadalupe mountains uplift This 
much can be said, that in Texas, east of the Guadalupe mountains, 
there is very little chance of finding artesian water in the Carbonifer- 
ous rocks without going to great depths, and even then the finding of 
water is a matter of uncertainty, owing to the disturbed condition of 
the rocks described above. Toward New Mexico, and northwest of 
the line of uplift noticed at the mouth of the Delaware, the chance of 
finding artesian water is much better, and I should expect in Southern 
New Mexico, west of the Pecos, and possibly also some distance east 
of it, to find artesian water at no great depth. In this place there is 
probably no Permian, the Cretaceous rocks are not very thick, but the 
amount of upper Carboniferous rock is a matter of uncertainty. 

If water is found in the Carboniferous, it will in all probability be 
good, though the single spring at the head of the Delaware 
shows that there is some mineral water in these rocks. Water from 
the Permian is almost certain to be saline or gypsiferous, and water 
from the Cretaceous to be gypsiferous. The lower Cretaceous beds 
near and west of the Pecos are gypsum-bearing, some strata being a 
pure alabaster. The Trinity Sands seem to be absent here, though 
present but fifty miles east of the Pecos. 

The lower Cretaceous beds in favorable place furnish artesian water, 
but I have not seen enough of the stratigraphy of these rocks to form 
any conclusion either upon the extent or source of supply of this 
water. At Pecos City is an abundant artesian supply of saline water 
from this source. 

On the west side of the Guadalupe mountains there is little chance 
of finding artesian water. The Crow Flat valley is apparently a 
syncline, but the amount of country drained seems inadequate for 



Reconnaissance of the Guadalupe Mountains, 39 

artesian supply. Yet without seeing the country west and north of 
this valley no final conclusions can be drawn. The lacustrine supply 
found in shallow wells, springs and lagoons is the accumulation of the 
surface drainage in the Quaternary deposits of clay and sand, and is 
not of deep-seated origin. 

BUILDING STONES. 

There is an abundant supply of limestone in these mountains for 
ordinary purpose of construction, but I saw no fine building stones — 
neither marble, sandstone, nor granite. An alabaster, probably of 
lower Cretaceous age, though possibly Jura-Trias, occurs at numerous 
points southeast of the head of the Delaware. It overlies the Carbon- 
iferous, but no fossils were found by which its age could be deter- 
mined. 

MINERALS. 

Conditions seem to be unfavorable for the occurrence of mineral 
veins, though indications of a low-grade galena, copper and iron were 
found at several points. 

COAL. 

In the mountains proper there is no coal. The character of the 
rocks is such as to preclude the possibility of finding such deposits, 
being chiefly of off-shore origin. A carbonaceous shale, however, was 
found south of the point of the mountains in the lower dark lime- 
stone series, and again in a similar rock near the head of Delaware 
creek. I found no plant remains to indicate whether this was a marine 
or coal shale The general absence of coal plants in the series is 
strikingly noticeable, and is rather a proof against the possibility of 
coal even there. In the upper beds, however, conditions approach 
much more nearly those suited to the formation of coal, and here coal 
may be found; but as these rocks lie entirely within the territory 
of New Mexico it is not in our province to discuss them here. 
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Timber, 23, 27. 
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LEHER OF TRANSMIHAL 



Hon. L. L. Foster, Oommissioner of Agriculture, Insuranoe, Statistics, and History, Austin 
Texas: 

DsAB Sib — The accompanying Bulletin No. 4, "A Preliminary Annotated 
Check List of the Cretaceous Invertebrate Fossils of Texas,** was prepared at 
my request by Mr. Robert T. Hill, in order that the different field parties en- 
gaged in actively prosecuting the work of the survey might have at hand a 
concise statement of our present knowledge of this system, not only as an aid 
to the proper understanding and interpretation of its various horizons as they 
come upon them in their work, but in order that work already done may be 
fully verified or corrected without unnecessary duplication, and each be pre- 
pared to add such new discoveries as may be made from time to time. 

I may add that in this bulletin is exemplified the typical co-operation of 
State and National surveys, i e., the working out and prepaiation by the Na- 
tional survey of such purely scientific matters as is contained herein, which, 
while it is absolutely necessary to the proper prosecution of the work of the 
State survey in the discovery and description of the economic materials 
contained within the system, yet lacks that direct interest to the people of the 
State that obtains in the economics themselves. 

Our thanks are therefore due to the Director of the United States Geological 
Survey for the assistance thus afforded us, as well as to Mr. Hill for his valua- 
ble services in its preparation. 

Yours, respectfully, 

E. T. DUMBLE, 
State Geologist, 
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INTRODUCTION. 

Mr. R. T. Dumble, State Geologist, Austin, Texas: 

DiAB Sib — I herewith transmit the manuscript of a check list of the Inver- 
tebrate Fossils of the CretaoeOus Series of Texas, which has been prepared 
by me without cost to the State. To ascertain and record the stratigraphic 
and faunal position of these fossils has long been an accompanying sub- 
ject of the writer's investigations, but the fundamental questions of strati- 
graphy have precluded the publication of the paleontologic details, and the 
brief and still incomplete information contained in these pages would be even 
longer withheld were it not for the fact that the local studies of the forma- 
tions can be advanced more rapidly with this information before the observer. 
The work is as condensed as is consistent with clearness. A brief statement 
is made of the present state of our knowledge of the Cretaceous formation 
of Texas. This is followed by a short description of the rocks of the stand- 
ard section along the Colorado river, which transects these formations. The 
details of this section have been worked out with great care by Messrs. J. A. 
Taff and N. F. Drake under my direction, and will serve as a temporary stand- 
ard by which to work out stratigraphic relations and prove invaluable in 
determining artesian well areas, in classifying the agricultural soils, building 
materials, and other economic features. 

Following this is the Annotated Check List of known species and pseudo 
species, accompanied by catch references to name of author, place and year 
of publication, and stratigraphic occurrence of species, if known, together 
with notes. An attempt is made to show in tabulated form the range of these 
species, and to classify them into faunas. Finally the reference bibliography 
is added. 

Nearly all the species herein mentioned were originally described without 
reference to their stratigraphic occurrences or faunal association, and this 
paper is an attempt to supply these omtssions, as far as possible, and to 
make the paleontologic literature available to the student The Check List^ 
imperfect as it is, has been the result of many years observation and study. 
It was originally undertaken while the writer was a student in the laboratory 
of Cornell University in the year 1 883, and has been amplified and remodeled 
from time to time as occasion afforded the opportunity. Although it con- 
tains, as far as it has been possible to ascertain, nearly all that is known at 
present upon the subjects treated, it is still incomplete in many details. 

Acknowledgement should here be made to Mr. C. B Boyle, of the Divi- 
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non of Invertebrate Paleontology of the United States Geological Survey, 
for his valuable aid in verifj^ing references and preparing the list Similar 
acknowledgement is also made to Mr. C. C. McCulloch, Jr., of your survey, 
for his valuable assistance in completing the manuscript and preparing it for 
the printer. His painstaking services and paleontologic ability have been in- 
valuable. 

A few pages of the check list have previously been published, at my own 
expense, as a bulletin of the School of Greology of the University of Texas, 
but as its completion was of immediate importiftice to the geological survey 
the pages already printed have been fully revised and included in the present 
work, and its publication from the University discontinued. 

Very respectfully yours, 

ROBERT T. HILL, 
Assistant Geologist Umted States Geological Survey, in Co-operation with 

Texas State Geological Survey. 



PRBLIMINAIIY NOTES UPON THE CRETACEOUS SYSTEM 

OP THE TEXAS REGHON. . 



The two series comprising the Cretaceous System occupy the areas of the 
State known as the Black Prairie, the Grand Prairie, and the two Cross Tim- 
bers, and unstudied areas in the eastern and trans-Pecos regions of the State. 

To these strata the State owes a large part of her agricultural and general 
prosperity, for they are the foundation and source of the rich black waxy and 
other calcareous soils of the Black and Grand Prairie regions. In addition 
to their agricultural features, these formations are the most productive source 
of building material, while along the parting between them, extending the 
entire length of the State and dependent upon their stratigraphy, is a re- 
markable area of natural and artesian springs, as seen at Fort Worth, Austin, 
San Marcos, and elsewhere. 

It is not the purpose of this paper, however, to enter into the economic 
discussion of these formations, but to give in brief language, for the benefit 
of the professional geologist, a resume of the scattered results which have 
been published from time to time concerning the strata under discussion, in 
order to aid in the field examination and to enable the geologist to ascertain 
exactly what is to be known and what is to be found out concerning them. 

In beginning it should be distinctly understood that, notwithstandmg the 
many scattered publications upon these formations, very little exact detail 
has been published concerning them, and that we are now just ready to begin 
their systematic study, and to publish results that will be of value both to the 
practical development of the country and to knowledge. 

PBESENT' STATE OF KNOWLEDGE OF THE TEXAS ORSTAOEOUS. 

It is now known that the series of rocks which a few years ago were considered 
as the whole Cretaceous group of the United States east of the Rocky Moun- 
tains, or the section published by Meek and Hayden, rests in Texas uncon- 
formably upon another great series* of rocks of even greater thickness, to 
which I have given, out of deference to the town of Comanche where I first 
studied them, the name of the Comanche series; hence, we now have in the 
Uniled States two great series, the Lower or Comanche and the Up- 
per or Meek and Hayden series. Each of these is entirely distinct from the 



*The first announcement of this series was published by me in the American Journal of 
Science, January, 1887, p. 75. See Record of Science for 1886, Smithsonian Report, 1887-8, 
p. 220. 
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other, and each reoQrds a profound subsidence of the oceanic bottom and a 
subsequent elevation. Between them there was a land epoch, probably as 
long or longer than either of them. 

This separate identity of the two series is shown by (1) the absolute strati- 
graphic break between them, as can be seen in numerous contacts in the city 
of Austin and elsewhere; (2) the radical change in character of sedijnents^ 
as seen along the partings of the Lower Cross Timbers and the Ck>manche se- 
ries; (3) the absolute change of life in the two formations, not a single specie& 
as far as known, passing from the Lower series into the Upper, thus indicating 
a lapse of time between them sufficiently long for an almqfst complete change 
of specific characters in the ocean's inhabitants. 

The supposed relations of these formations to similar areas in the United 
States is set forth in the accompanying table : 



Notes on the Cretaceous System of Texas. 



IX 



Table showing Theoretical Belation of the Cretaceous System of Texas to 
other Cretaceous Bocks of the United States, east of the Sierras — 1890. 



Dakt)ta*N<«biiisk* 

Seetlon of 

Meek and 

Hftyden 



Fox HIU 
600' 



Pierre Marie 
700' 



Niobrara Chalk 
200' 



Benton 

Clay 8halee 

800' 



Dakota Sands 
400' 



2600' 



Tcxas-Arkaneas 
8«cUon 



Alabama Bllsslaslppi 
SvetioQ 



New JrfMy-Maryland 
8«ctlon 



/ 



Glanoonltlc Dlvl- 
•lon \ 300 ' 



Ponderoaa 
Maria 
1200' 



Ripley 
260' 



Rotten Limestone 

and Marls 

1000' 



Mid. ^ \jti\itt Bands 
and Marls 218 ' 

Clar Maria 
277' 



347 



842 



1260 



Austin- Dallas 
Chalk 
6*0' 



Eaffle Ford 

Oay Shales 

800' 



s 

bJ 
«0 



bl 

3 



Lower Cro^s Tim- 
ber Sands 
8W 



2700' 



PRE- AND MID-CRETACE0U8 LAND EPOCH 



Washita Division 
1400' 



I 

8 



Trinity Division 

t800' 

(Arkansas) 



K 



O 



Tusoalooaa 
1000' 



Potomae 
600' 



SOALB— 1000 FSST TO 1 IhOH. 
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EXPLANATION OF THI NOMENCLATURE IN THIS PAPEB. 

In the present unstable condition of geologic nomenclature it is difficult to 
describe geologic facts in language that will convey the same meaning to all 
readers, and hence a few words' are necessary concerning the terms used in 
this work. These are as follows : Group, System, Series, Division. Beds, and 
Horizon, as exemplified \xs the section on pages xiii and xiv. The term Group is 
used to indicate a series of formations produced in an interval coincident with 
a great geologic time, i. e., the rocks of Mesozoic time are called the Mesozoic 
group. 

System is used to indicate the collection of rocks formed during a geologic 
period, e. g., the Cretaceous. 

Series denotes the structural product of a single uninterrupted geological 
event corresponding to the writer's conception of a formation — a word which, 
owing to its ambiguity, however, is not here used. Each series of sediment- 
ary rocks represents a more or less complete ternary succession of strata, 
i. e., the succession of deposits, first along shore, followed by deepening, and 
then by shallowing deposits to land again, as laid down by each subsidence 
and elevation of the ocean's bottom. 

Division is used to express a broad subdivision of the conspicuous features 
of a series, usually founded upon some change in lithologic aspect, and not 
necessarily denoting minute differentiation or sharp line of demarkation. It 
may also be used to denote relative position in a series, as Upper, Middle, and 
Lower, without at all implying lack of continuity between them. 

The term Beds denotes a well defined lithologic stratum or collection of 
strata within a series, possessing common characteristics, as the Exogyra Ari- 
etina clay. This term is equivalent to the word formation as employed by 
many geologists, and is only used tentatively until a more exact word is in- 
vented. 

Horizon indicates the point of range of occurrence of a species (lithologic 
or paleontologic) within a stratum. Thus the horizon of 7'erebrcUiUa Wacoen- 
stSf Roemer, is at the top of the Washita limestone beds of the Washita divi- 
sion of the Comanche series of the Cretaceous system of the Mesozoic group. 

It has not always been, but is fast becoming, a fundamental principle of 
geologic investigation that definition of strata should always precede their 
correlation, and hence local geographic names have been given to the strata 
described in this work wherever possible. Such nomenclature, however, dur- 
ing the reconnoissance stage of investigation may be imperfect, and subject 
to change. 

The nomenclature used here for these subdivisions, though tentative and 
subject to change at any time, is considered the best that can be arranged at 
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present, .and it is believed that into this classification can be placed all the 
rocks of the Cretaceous system as discovered. 

There has been little attempt at revision of the genera or species of genera 
herein enumerated, all of which are in need of study, especially the Fora- 
minifera^ the Corals, and the Mollusca. Among the latter the Ammoniti- 
dsB, the Inocerami, the aberrant Chamidse, and all of the Gasteropoda, are 
in special need of specific revision. 



A BREBP DESCRIPTION OF THE STRATIG-RAPHY AND 
ROCKS OF THE CRETACEOUS SERIES OF TEXAS. 



Based Principally upon a Preliminary Section along the Colorado River from near 

Smithwick Mills to Webberville, 
It is essential that there should be a definition of the stratigraphic arrange- 
ment and composition and structure of the rocks composing the two Creta- 
ceous series of Texas, as far as this is known, and in the following pages an 
attempt is made to fulfill this need. It is believed that, with a few exceptions, 
the general sequence of the principal features have been solved, but concern- 
ing the subdivisions and local variations very little has been recorded. The 
following descriptions are based upon the writer's personal study and upon 
an accurately measured section of the Comanche series, made under his direc- 
tion, by Mr. J. A. Taff, of the State Geological Survey, the whole of which 
will be published later. No attempt has as yet been made to accurately meas- 
ure the Upper series. 

• 

Progress Section Illustrating the Cretaceous System of Texas as Investi- 
gated to January 1, 1890. 

n. 

THE UPPER OB BLACK PBAIRIE SERIES. 



1 
oiTUioaa. 1 BIOS. 

i 


Hoaisovs. 


TTriCAI. OCCURRKVCX. 


Glaaconitic DItI- 

■lOB. 




• 

1 


Mostly coTered by tertiary 
orerlsp. Found in An> 
derson and Bowie coun« 
tiee. but best exposed 
north of Red Hirer, in 
Arlcansas. 


Bjcocyra Ponder- 
•sa marls, or 
Blae Blolls DU 

▼IslOB. 


NftTiirro - Webberrllle beda 
with areDftC«oos concre- 
tions. 


Beginning of B. eottata. 

B. Ponderoea, snb-oostate 
▼ar. 

Culmination of E. Ponderosa, 
Boem. 


Main or eastern portion 
of the Biaclc Waxj 
Prairie area of Texas, 
seen in Colorsdo section 
from Moutonolis bridsa 
to Webberville. especial- 
ly at blue bluflk of Colo- 
rado. 

Walnut Creek. Travis Ca 


Aastin-Dallas 
Chalk, or 

** White rock." ; 

1 


1 


Inooeramus. 


In eastern portion of Aus- 
tin, underlying all tha 
chalky portion of citj. 
Also at Waco. San An- 
tonio, Dallas, McKinney, 
6herrosn, and Rocky 
Comfort, Arkansas. 


Ba«le Ford Clays j 

(Shales). | 


Upper calcareous cUjs. 


O. Bellaplicata, Shum. 




Minor Blsck Prairie or 
Mountain Creek Prairie, 


Lower blue clays, with giant 
nodules. 


lying between whita 
rock scarp and Lower 
Cross Timbers. 


Lower 

Cross Timber 

Sands.* 


Coincident with extent of 
1 Lower Cross Timbers 
south of Qrayson Co. 



•Missing in Colorado section. 
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THK LOWEB OB OOMANCHS SEBIB8 (COLORADO SKOnON). 



DiTuioas. 



Upper or WashI* 
ta Dirlsloa. 



Middle or 

Frederfckobvrc 

DiTleloB. 



Ijow^er or TrinK 
ty DlTfoion. 



Pre-CretaceoBS. 



filuwl Crc«k limestone (ftt 
Anstin). 

(Impure.) 
Bzogyra arietin* cUja. 



••••«•••••••••••••••••••■••••••••• 



WftshiU or Fort Worth lime- 
stone (chalky). 



Upper Caprotina limestone. 



Limestone Flags. 



Caprina chalky limestone 
with flints. (Persistent.) 



Comanche Peak chalk beds. 
(Persistent.) 



Suh'Diruiont. 



Lower or si- 
ternately 
arenaceous, 
maguesian, 
calcareous 
division. 



Upper beds of 
■thin oolitic 
strata. 



Middle beds, 
with thick 
magnesian 
strata. 



Basal arena- 
c4^ous beds, 
with thin 
strata. 



Upper or Packsaod Beds. 
(Locally variable.) 

Basal or Contact Beds. 
(Locally variable.) 



■oataova. 



In north Texas replaced by 
Denison O. QoadiipUeata 
beds. 



•■•««««•••••••••••••' 



Final O. piteheri. var. navia 
B. arietlna. 



Terebratnia Wacoensis. 
3d GryphsBa beds. Q. Wssh- 
ItaenfOs, with O. Carinata. 
O. Sinuata, Ifacraster ele- 
gana 



rmcajk 



bboal Creek. AntlA. 

B-faaak of Colonido^ 
at flshponda. 



Shoal Creek at Twenty- 
fourth fUreeC 
Bluil near Barton ^riagib 



Fort Worth. Texas; laQ- 
road cut, W. AosCin.Sa- 
lado, ete. 



Final Caproiina horison. 



B. base of Boanel; Me- 
Donald's brickyard* 
Austin. 



; Summit of JoUyTllle and 
Bndistea, Monopleura. Cap- ' e h os ej>hat J^latcaua* 



rotina, etc 



Schloenbachia acute-carina- 
tus, Comanche Peak Fauna, 
Ammonites pedernalis, 
Tozaster texanus. 

Q. piteheri beds with E. tex- 
ana. Culmination bed of 
E. texana. 



and blufls of Deep Bd- 
dy, Austin. 

Comanche Peak, etc 

Summit of Mount Bar- 
ker, and many other 
localities. 

Bench of Mount Barker. 



B. texana. 

Celestite beds. 
Nerinea Anstinensis. 
Tinoporusf chalk. 



n 

ii 

s 



Summit of Mount Boa- 
nel above celestite 
! beds. 



1st Caprotina horizon. 



Bases of Mounts Barker 
and Bonnet, north of 
&ult. 



Base of Bonuel ridge, 
near Bull Creek. 



Travis Peak P. O. 



Sycamore Creek. Burnet 
County: Travis Peak P. 
O., Travis County. 



The two series of Cretac^eous rocks in Texas are as distinct from each other 
in origin and (xscurrence as they are from the rocks of the overlying Tertiary 
and Quaternary systems, and hence it is nec^essary to describe them separately. 
They possess the following similarities, however: (1) Each is composed of 
sediments laid down upon a slowly subsiding and rising sea bottom, thus re- 
(hording all the different (xsean depths from littoral or shore condition to deep 
sea. (2) The general strike and dip of their rocks are in the same direction. 
(3) Each is characterized more or less throughout by an excess of lime — ^osn- 
ally in the form of chalky calcium carbonate, pure, or mixed in every im- 
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aginable proportion .with sand or clay. In every detail of these and other 
generic characters they are different. 

The words limestone and chalk are used in these pagee as follows: Lime- 
stone is employed generically for species of widely different origin and struct- 
ure. Specifically they may be of five kinds. (1) Breccias composed of more 
or less comminuted and cemented shells of ancient ocean bottoms or shore. 
(2) Concretions or segregations formed by the segregation of the lime in clays 
and sands after original deposition — rare in our rocks. (3) Chalky rocks or 
those composed of amorphous calcium carbonate, usually more or less forami- 
niferal, void of lamination, and of comparatively deep sea (not abyssal) origin. 
These may be hardened by metamorphism into firm limestones; hence the 
term chalky limestone will imply chalky origin, and the term chalk present 
chalky condition. (4) Laminated impure limestones, occurring as alterna- 
ting beds in sands and clays, indicative of shallower origin than chalk. (5) 
Metamorphosed limestones, or any of the above which have undergone indu- 
ration or other secondary change. 

All laminated limestones thus far found are more or less arenaceous or ar- 
gillaceous, further proving their origin to have been in shallower waters than 
those in which chalk is laid down. 

THE LOWER OR COMANCHE SERIES 

(as SEKN in the COLORADO SECTION.) 

In general the Comanche series is predominantly calcareous, although, as 
will be shown later, there are a few exceptions. Its rocks from bottom to 
top record a complete Ternary succession of strata, to- wit: 1. A lower stage 
of sandstones, shales, and other sedimentary deposi»fi, representing prevalence 
of land with downward movement. 2. A middle stage, chiefly of limestone, 
representing prevalence of sea. and general quiescence and elaboration of cal- 
careous organic formations. 3. An upper stage, and more of mechanical 
sediments, indicative of proximity to land. 

The whole Comanche series is thus divided into three grand divisions, to- 
wit : The Trinity or Basal (sandy beds) ; the Fredericksburg or Medial (chiefly 
chalky beds), and the Washita or Upper division (impurer chalks and 
clays, alternating in stratification, becoming slightly arenaceous in the Deni- 
son region, but not so at Austin, for reasons explained later). 

A. THE TRINITY DIVISON. 

This division is essentially arenaceous in composition, clastic in structure, 
and of littoral mechanical origin, being composed at its base of conglomerates 
or sands, the origin of every pebble of which can be located in the adjacent 
and more ancient strata of the Paleozoic region in the edges of Travis and 
Burnet counties, where the Trinity sands are in contact with the Paleozoic 
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rocks, schists, limestones, sandstones, and pre-Trinity granites. Succeeding the 
basal conglomerates are coarse, angular, cross-bedded sand, becoming finer 
and finer until it reaches the fine condition known in Texas as ''pack sands," 
L e., a fine grained sand which is cemented by included chemically precipitated 
calcium carbonate. Fossils have been found by the writer at Sycamore 
Creek, Burnet County, in the contact conglomerates, but they are neither plen- 
tiful nor distinct until the upper or pack sand beds ar6 reached, one mile be- 
k)w Travis Peak postoffice, where the arenaceous layers are full of casts and 
moulds consisting of indeterminate Trigonias, Fholadomyas, Cyrenas, and 
an undescribed Ammonite resembling IlojdiUs dispar. In this vicinity, 
also, appears the first of the several conspicuous Grypheate beds of the Co- 
manche sories. This is composed of a solidified mass of large Gr}'pheate oys- 
tcr shells resembling the dilate species figured by Marcou as Grypkcea dilatOy 
but not yet positively determined. These were found to form a breccia seven , 
or eight feet in thickness, just below the crossing of the Travis Peak and 
Nameless road. Accompanying tlie Gryphcea breccia there is also the first ap- 
pearance of another conspicuous feature in the Comanche series, i. e., an ex- 
cess of magnesian sulphate. The oyster shells are being rapidly cemented 
into massive limestone beds or decomposing into a powdered earthy substance 
accompanied by incrustations of Epsom salts (Epsomite). This magnesian 
feature, which becomes more conspicuous higher in the series, is a fine illus- 
tration of an instance of the conversion of a shell limestone into dolomite by 
an alteration subsequent to the formation of the original rock, as has been re- 
corded by Irish geologists.* 

In places throughout the sands are occasional patches of red and greenish 
white clays resembling very much the characteristic features of the red beds 
of the lower formations. The cause of these discolorations has not been 
studied. There are about 300 feet of these arenaceous Trinity beds in the 
Colorado section, at the top of which appears a fossiliferous horizon — the first 
or lowest appearance of Monopleura and Requienia (Caprotina)— which we 
assume to be the beginning of the second division of the Comanche series. 
Thus the Trinity beds in the Colorado section are seen to be composed of 
locally derived debris, which, as the waters deepened, became more and more 
comminuted and calcareous until the sand grains at the top are almost im- 
perceptible to the eye, and the whole mass becomes quite chalky and magnesian 
in appearance. As shown elsewhere, these basal arenaceous beds everywhere 
vary with the shore line upon which they were laid down, and are entirely 
different in the Brazos and Arkansas sections. (See Hill 1 and 4.) 

B. THE FREDERICKSBURG DIVISION. 

The Caprotina horizon No. 1 , which, according to our classification, lies at the 
*See Prestwich's "Qeology, Chemical, Physical, and Stratigraphical," Vol. 1, pp. ll^i, 114. 
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base of the Fredericksburg division, is apparently composed of equal parts of 
pack sand, calcareous matter, and magnesia in bands or strata of alternating 
degrees of consolidation, although showing a deeper and more uniform con- 
dition of sedimentation than the Trinity sands, yet, as shown by the alterna- 
ting sediments, the deeper conditions of the Comanche Peak beds have not 
been reached. The alternation of harder and softer layers of arenaceous- 
calcareous strata now becomes prevalent, and the beds get thicker and more 
massive as the ocean's bottom descended. Such is the beginning of the Fred- 
ericksburg division, which may be divided into three lithologic subdivisions, 
to- wit: 

(c) The Caprina Chalky Limestone Beds. 

(b) The Comanche Peak Chalk Beds. 

(a) The Basal or Alternating Beds. 

The Basal Beds. — The basal beds consist of white limestones of a coarse, 
crystalline, and chalky aspect, sometimes slightly brecciated, but seldom ex- 
ceeding one or two feet in thickness and of great uniformity in extent of 
stratification. These beds are separated by softer unconsolidated, magnesian, 
arenaceous slightly argillaceous marls, resembling the yellow marls of France 
as I understand them to be. 

This alternation of softer marls and harder limestones produces the beauti- 
ful bench and terrace topography of the western scarp of the Grand Prairie 
south of the Brazos and east of the coal measures. They seem to be missing, 
however, in the northwest. While more or less very finely arenaceous and 
calcareous at the base, the quantity of sand in the mixed strata gradually 
continues to decrease upward, and the chalky lime increases until the culmi- 
nation of the chalky bed recorded in the next division. The yellow mag- 
nesian strata also increase in thickness and become very conspicuous in the 
middle portion of this lower subdivision after being from five to fifteen feet 
in thickness, as seen in the bluffs of Mount Bonnell north of the great fault. 
These magnesian limestones are soft enough to be cut with a knife, and are 
of an intense brownish yellow color. They alternate with similar strata of 
chalky limestones and yellow marls. The upper 100 feet of the basal sub- 
division of the Fredericksburg division, as seen at the top of Mount Bonnell, 
again present the unique stratification of the basal beds, the lime strata aver- 
aging about one foot in thickness. 

The intervening yellow magnesian marls are soft and laminated, more or 
less siliceous, and composed of minute shells and concretions, which make it 
distinctly oolitic in character, and hence I propose for this stratigraphic hori- 
zon the name oolitic marls. These marls have very little clay, and pack when 
wet like fuller's earth. When properly understood they promise much, both 
from an economic and purely scientific standpoint 
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They finally terminate in a persistent bed, which is especially distinguished 
by the abundance of the beautiful Exogyra iexana Roemer ( O. flabellata, type 
of Groldfuss), from which fact it is called the culminating horizon of Exogyra 
iexana. From careful measurements of Mr. J. A. Taff, at Travis Peak, from 
the basal Caprotina horizon to the culminating horizon of E. texatia inclusive^ 
is a height of 406 feet. Throughout the series fossils are occasionally found, 
especially E. texana, Nerinea, Requienia (^Caprotina), Cyphosomtt, and casts or 
moulds of lylosioma proBgrandu, Roemer, Area, Trigonia, and especially the 
peculiar globular foraminifera-like form, which has been called Gadolina by 
D'Orbigny. There are also horizons more or less chalky throughout, one of 
which is quite conspicuous in that it is composed of a small foraminifera, OrhU 
iolina {linoporus) texana, Roem. The beds of magnesian limestone which 
mark the central third of this division are especially worthy of future study 
and observation from a petrographic and chemical standpoint. They are 
often accompanied by pockets of calcite, aragonite, celestite, aad epsomita 
This basal subdivision of the Fredericksburg division is not well known in 
the northwestern portion of the State, but apparently diminishes in impor- 
tance in that direction, being only about 100 feet thick in Comanche county, 
but maintaining considerable thickness at Comanche Peak, Hood County, 1 00 
miles eastward. 

Comanche Peak Subdivision. — Immediately above the culminating E, iex- 
ana beds the great series of deepening alternations terminates in a massive 
persistent chalky division, marking, no doiibt, the beginning of the culmina- 
tion of the subsidence of the sea bottom (as recorded in the succeeding Ca- 
prina chalk) which had been going on since the pre-Trinity land epoch. This 
subdivision is composed of white chalky limestone, which readily yields to 
disintegration, usually forming the sloping sides of buttes and mesas, and 
capped by the Caprina chalk, next to be described. It is especially charac- 
terized by its abundant fauna, consisting of the species given in the faunal 
lists at the end of this Check List The especially characteristic species are 
loxaster texanus, Roemer, and Ammonites pedemalisy Von Buch. At the base 
of the chalk there is usually another marked bed of Grypheate oysters (O. 
pttcheri with E, texana), as seen near the summit of Mount Barker, in the Bon- 
nell ridge, and especially well shown in the town of Weatherford, extend- 
ing on to Red River. This is the second, in ascending order, of the great 
Grypheate beds of the Comanche series, and is composed of countless num- 
bers of individual shells of Gryphaa, and is of marvelous areal extent 

The chalky beds of the Comanche Peak subdivision are the most extensive 
and uniform of the Comanche series, and must ever stand as the basis for 
comparison, from which to estimate the relative value of the overlying 
and underlying horizons. It presents on weathering a sterile, rocky aspeet^ 
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«nd is covered by sparse, stunted, coriaceous vegetation. An interesting 
fact concerning this subdivision is that several hundred feet above it, its lith- 
ologic conditions are repeated and its faunal features reappear, but almost 
entirely modified as to species, only the Neithea qufidricostata, Roemer, and 
Gryphceu pitcheri running into the Washita division, and these presenting 
broad varietal changes. 

The Caprina Chalk and Chalky Limestone Subdivision. — Without any 
senous stratigraphic break in the chalky limestones the abundant Comanche 
Peak fauna disappears, and there continue 300 feet, more or less, of chalks 
and chalky limestones of varying degrees of cpnsistency, from a pulverulent 
condition to firm limestones, which seem to be a secondary condition of the 
chalk produced by superficial hardening. These hard layers form the table 
rock of the buttes and mesas of the extensive Grand Prairie region, and are 
exposed in the river bluffs between Austin and Mount Bonnell, on the Colo- 
rado, where the chalk has been more or less hardened into firm limestones 
by the local metamorphism accompanying faulting. The lime kilns and quar- 
ries immediately west of Austin are all located on this subdivision. 

Accompanying these chalks and chalky limestones are well defined layers 
of exquisite flint nodules, occupying apparently persistent horizons in locali- 
ties. These flint nodules are oval and kidney shaped, ranging in size from 
that of a walnut to about two feet in diameter. Exteriorly they are chalky 
white, resembling in general character the flint nodules of the English chalk 
cliffs. Interiorly they are of various shades of color, from light opalescent 
to black, sometimes showing a banded structure. These flint nodules are 
beautifully displayed in situ in the Deep Eddy canyon of the Colorado, above 
Austin, where they can be seen occupying three distinct belts in the white 
chalky limestones. 

Where these chalky limestones form the mesas of extensive plateaus, such 
as the remnants of the Grand Prairie west and southwest of Austin, the flints 
are left in great quantities as a residuum (the softer chalks being more 
readily decomposed into soils and jvashed away), and they cover large areas 
of country. They have also been transported eastward in past geologic times 
by manne and river action, and aire distributed over large areas along the 
margin of the Black Prairie region as a part of the Post-Cretaceous gravels 
of that region. * In some of these flints remarkable decomposition is exhib- 
ited, the product being geode-like cavities lined with quartz crystals and pul- 
verulent products. In one instance an apparently unaltered Specimen picked 
up in sitUy upon being broken open revealed a small cavity filled with a liquid 
inclusion. 

The fact that these are the only flint horizons, so far at least as is known 
to the writer, in the whole .of the immense Cretaceous deposits of the United 
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States, is very interesting, and especially since they occur about the middle 
of the Lower Cretaceous series instead of at the top of the Upper series, as in 
Sngland. It was from them that the Indians made their flint implements^ 
and the ease of their lithologic identity will be of value to the anthropologist 
in tracing the extent of the i^itercourse and depredations of former Indian 
tribes inhabiting this region. 

Occasionally the flmts, especially an opalescent variety in Comanche county, 
possess nuclei in the shape of fossils, usually the Requienia ( Caprottna). 

The decomposition of these flints and of the adjacent limestones has pro- 
duced some peculiar and unique effects in the rocks and landscape of the re- 
gion, the silica replacing the calcium carbonate and leaving as a remnant & 
peculiar porous, cavernous rock, u^ally of a deep red coior from the hydra- 
tion of the iron pyrites into limonite, composed of the siliceous pseudomorphs 
of fossil RudisteSy Hippurites (rare), and other shells, the interstitial spaces glit- 
tering with minute quartz crystals which line them. This red rock is co- 
extensive with the areal outcrop of the Caprina limestone. 

Immediately west of Austin, along the downthrow of the great Bonnell 
fault in the bluffs of the Colorado, another peculiar transformation takes place 
in the Caprina limestone. Occasional red decomposing spots occur in the 
massive white chalky limestones. Upon closer examination the apparently 
non-fossiliferous limestone is seen to be undergoing decomposition into a dry 
pulverulent inflorescence, and as a residuum there remains a dry red dust and 
exquisitely preserved calcite pseudomorphs of many rare fossils, such as 
recently described by Roemer and White, the occurrence of which I have 
located in this horizon. 

As this inflorescence takes place in all the limestones along the Bonnell faulty 
from the basal subdivision of the Fredericksburg to the top of the Shoal 
Creek limestone, the writer feels inclined to attribute it to the emanation of 
sulphur and other gases up the numerous joint and fault planes which they 
inevitably accompany. The thorough investigation of these important and 
peculiar phenomena may prove of great economic value, as traces of the fol- 
lowing important economic products have already been discovered by a few 
tests: Potash, Salt, Strontianite, Anhydrite, Epsom Salts, Gypsum, and Gold, 
but in quantities as yet unknown. These inflorescences are coincident with 
the fault lines adjacent to the ancient volcanic disturbance of Pilot Knob. 

The Caprina limestone is also productive of many rare building stones and 
other structural material, while the immense flint deposits will no doubt be 
ultimately utilized. The Caprina limestone was given its name by Dr. B. P. 
Shumard from the abundance of the peculiar aberrant fossils of the genus 
Rudistes (which have been described as Requienia^ Caprina, MonapUura, Ich- 
ihyosarcolithesj etc.,) occurring in it. These peculiar forms abound, and 
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found occasionally in great masses. Accompanying these beds are also many 
new and undescribed species. 

The chalky deposit of the Caprina limestone is no doubt the continuation 
■and culmination of the great Lower Cretaceous subsidence, and will be of 
great service in future interpretation and final correlation. It is very uni- 
form, and covers large areas of the Grand Prairie plateau in southwest Texas, 
•especially in the region adjacent to the lower Pecos. It also caps the mesas 
of the remnantal areas in the Abilene country, and as far east as Comanche 
Peak in Hood County. The railroad from Brueggerhoff to McNeil along the 
Williamson-Travis County line crosses a typical portion of its strike. 

At Austin a fault of about 750 feet downthrow has broken this limestone 
<livision into two different areas, and hitherto confused its measurement. 

C. THE WASHITA DIVISION. 

The Caprina chalky limestones which mark the culmination of subsidence 
in the Comanche series are succeeded by deposits of a lithologic and strati- 
graphic character which indicate that the ocean's bottom had reached the 
•culmination of the long subsidence which it had been undergoing since the 
beginning of the Trinity beds, and had commenced the gradual elevation 
which finally terminated in the Mid-Cretaceous land. This shallowing is well 
illustrated in the rocks above the Caprina limestone, to which the name 
Washita Division has been given after the region where its rocks were first 
«een by early explorers near Fort Washita, I. T. 

The Washita Division along the Colorado is composed of the following 
well marked subdivisions: 

The Shoal Creek Limestone 4- 80 

The Exogyra Arietina Clays * 80 

The Washita or Fort Worth Limestone • -f- 150 

The Caprotina Beds 4- 20 

The Flagstones -h 10 



Total thickness in feet (estimated) H- 340 

Of these horizons only the Washita limestone and the Exogyra arietina 
days are known to have any persistent extent, these being found as far north 
as the Arkansas-Choctaw line and southwest to the Pecos. 

The Flagstones. — These can be seen at McDonald's brickyard, Johnson's 
quarry, Taylor's lime kiln, and other points immediately west of Austin. 
They consist of thin flagstones, of almost pure chalky limestone, varying 
from one to three inches in tliickness, and are void of fossils. 

The surfaces of the slabs, which are quarried for paving and building 
Btone, are sometimes covered with the pentagonal markings usually attributed 
to mud cracks, and these are filled with soft yellow lime material. These 
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flags are only eight or ten feet in thicknefis, and their occnrrenoe elsewhere 
than in th^ Colorado section has not vet been reported. 

The Upper Caprotixa Limestoxe, ob Austin Marble. — Immediately above 
the flagstones, along the line of the Bonnell fault, at nearly all the localities 
above mentioned, is a massive stratum of limestone often metamorphosed 
into marble, which is composed almost exclusively of the calcified shells of 
Rtquienia (Caprotinay Xerinea^ etc., accompanied by occasional HippHriieM^ 
This horizon was confused by Dr. B. F. Shumard with the Caprotina horizon 
some 1000 feet below, which marks the banning of the Fredericksburg 
division. Away from the metamorphism of the Bonnell fault and local 
igneous action , the bed has not the crystalline consistency of marble. This 
bed is'interesting, inasmuch as it represents the final appearance of the more 
or less continuous Requienia fauna which outcrops at various places from the 
bottom to the top of the Fredericksburg division, and it is possible that this 
horizon may in reality represent the close of that division. Between the 
CaproDna bmestone and the flagstone horizon there are beds of yellow lami- 
nated calcareous marls of a few feet in thickness, with the latest known hori-^ 
zon of E. tezana and a peculiar Panopcta. 

The Washfta ob Fort Worth Limestone. — Resting immediately upon 
the^upper Caprotina limestone (whether conformably or not has not been de- 
termined) commences the Washita limestone— one of the most important 
beds of the Comanche series. This consists of a comparatively massive^ 
chalky, sparsely fossiliferous limestone. The base and top are compact and 
the middle more disintegrated. It consists of impure chalky limestones^ 
shell breccia, and calcareous marls in alternating strata, having the same 
general aspect upon weathering as the Comanche Peak beds. Litholog^cally 
it seems to represent a similar depth of deposition. Accompanying this re- 
turn of conditions is an excessive abundance of life of great generic resem- 
blance to the Comanche Peak fauna, but, with the exception of Gryphctapitthtri 
and SeitJua texana, of entirely different species. In place of the small Tox- 
agter texanus of the Comanche Peak, we have the large Macraster ele^ans, 
Shumard, Roemer; for the beautiful E. iexana there is substituted the similar 
but larger E, sinuata; while the Ammonites leonensis has superseded A. peder- 
nalis. Here, too, the G. pitcheri (type, var.) breccia, with E. texana has its dupli- 
cate in a breccia composed of G. tcashitaensis accompanied by O. osrmaia. 
In its upper beds, however, the Washita or Fort Worth limestone, especially 
in North Texas, b^ns to show shallower conditions. At Austin it termi- 
nates in a comparatively massive lime stratum with numerous individuals of 
the only Brachwpod species thus far discovered in the Lower Cretaceous series 
of Texas, to-wit, lerebratula toacoensis^ Roem. The fossils in the Washita 
limestone show a tendency to persistent zones, as shown in the section, and 
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about the same species characterize each zone wherever the writer has ob- 
served them. These limstones are well exposed at Salado and Fort Worth, 
the latter city being situated directly upon thera. They contain more clay 
in the latter vicinity, however. 

The Exogtba Arietina Clays. — In Shoal Creek, at Barton Springs, near 
Round Rock, and other places in the vicinity of Austin, the Terehratula wa- 
eoensts horizon of the Washita limestone is surmounted by about eighty feet 
of unctuous laminated clays of a greenish blue color previous to long ex- 
posure to the elements, and dirty yellow afterwards. The lower half of these 
clays is filled with the unique E. Arietina or ram's horn oyster, which occurs 
in no other known horizon in the world. There is no transition between 
these clays and the including limestone horizons, but the Washita fauna 
again appears somewhat modified in the upper portion. At Austin, in the 
contact of these clays with the Shoal Creek limestone, is found the last hori- 
zon of Gryphcea pttcheri Mort., which appears as the variety navta^ but varying 
in shape and size, being characterized here chiefly by the thickness and size 
of its shell. 

In the clays there are occasional segregations of the fossils into limestone, 
but these have no persistent extent or size. 

There are also numerous crystals of selenite, which are a product of the 
reaction of the decomposing iron sulphides (pyrites) upon the numerous oyster 
shells. 

These clay beds are worthy of closer study and definition than it has been 
possible to give them. Their purity, extent, and apparent freedom from 
littoral debris make them easily distinguishable. The Arietina clays produce 
a black waxy residual soil, the only truly black soil of the Comanche series, 
the others being chocolate black or other dull colors. The areal extent of 
these soils, however, is very limited. 

The Shoal Creek Limestone. — In the western portion of the city of Austin, 
and for a few miles north and south, the uppermost strata of the Comanche 
series consist of beds of a peculiar limestone, which is especially well displayed 
in the rocky canyons of Shoal Creek, whence its name. This limestone is 
from forty to eighty feet thick, and of a dull yellow color, with many spots 
of red and pink. 

It is stratified, and upon close examination it is seen to be made up of mi- 
nute fragments of shell, which are rapidly losing their integrity by alteration 
either into a harder condition or by breaking down into a pulverulent powder, 
asm the case of the Caprina limestone before described. The red blotches 
have been attributed to several causes, to wit: (1) The decomposition of iron 
pyrites; (2) the oxidation by heating of adjacent igneous material; and (3) 
the decomposition of contained volcanic ash and cinder which were deposited 
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contemporaoeotisly with it. So far no iron pyritee have been found in the 
rock to sustain the first of these theories, while the second is untenable from 
the fact that it occurs remote from faulting contacts. The third theory, on 
the other hand, is made plausible by the occurrence of minute specks, which 
in thin slices of the rock, as seen under the microscope, appear to be decom- 
posing olivine or other igneous matter breaking down into serpentme and 
iron oxides. This point has not been finally determined, however. 

In places the Shoal Creek limestone is decomposing and crumbling, while 
everywhere it is much jointed and faulted. The fossils contained therein are 
interesting, but have been as yet but httle studied. The top surface of this 
limestone has been corroded and waterwom, and deposited unconformably 
upon it can be seen the radically different sub-littoral unconsoUdated clays of 
the basal Upper series. 

THE DENISON BEDS. 

This abrupt conclusion of the Lower Cretaceous, together with the Shoal 
Creek limestone at Austin, is local, and, as will be shown later, due to the 
peculiar igneous disturbances that prevailed in this vicinity. To the north- 
ward, where these disturbing conditions were not present, the final termina- 
tion of the Comanche series is quite different, as seen at Denison, for instance^ 
where the Washita limestone, as seen two and one-half miles north of the 
city, is succeeded by shallowing alternations of clays and impure limestones 
containing an abundant littoral fauna. The details of these beds have not 
been as yet accurately determined, but further field work will soon be under- 
taken in that region. 

Dr. G. G. Shumard partially described these beds, as follows: 
Marly Clay or Red River Group.^ — Qf these he says: "This member 
immediately underlies the fish bed of the arenaceous group (Lower Cross 
Timbers), and is described by Dr. G. G. Shumard as *a blue marly clay, 
occasionally variegated with red and brown, and with thin bands of sand- 
stone interstratified. ^ The clay contains crystals of selenite, flattened nodules 
of compact brown and blue limestone, and septariaB of compact blue lime- 
stone, reticulated with brown, yellow, and purple spar. The nodules occur in 
the upper part and the septariae towards the base of the formation. The 
best exposures of the group are in Grayson, on Post Oak, Choctaw, and Big 
Mineral creeks, where sections of from fifty to sixty feet have been meas- 
ured. It occurs also on Red River, in Fannin and Lamar counties. The 
estimated thickness of the group in this part of the State is about one hun- 
dred and fifty feet; but we have not seen the base of the formation.* 

*B. F. Sliumard: "Observations upon the Cretaceous Strata of Texas." Trans., Acad. 
Science of St. Louis, Vol. I. 1856-60. 
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. '' FosbOb are extremely abundant in the toptarisB and nodules, and as far 
«B I have been able to learn they belong to hitherto undescribed species. 
From the collections of Dr. G. G. Shumard I have been able to character- 
ize the following: Ammonites swdlhwiy A. inequipltcatuSf A, meekianuSj A, 
^aysonensiSf Ancyloceras annulatusy Scaphttes vermiculus, Baculttes gracilis^ Cy- 
iherea lamarenstSy Tapes hilgardiy Gervilia gregartay Kucula haydeni, Panopcea 
^ubparallelay Corhula graysonenstSy O. trwmeyiy Inoceramus capuluSj and Inocer' 
nmus sp. nov. Fossil wood is also common at several of the localities visited.** 
Dr. B. F. Shumard, however, almost inextricably mixed his brother's re- 
sults in his generalized section of Texas rocks, and I am inclined to believe 
that some of these species belong to the Eagle Ford clays, and are so placed 
in the Check List. 

TH1B STRATIGRAPHY OF THE COMANCHE SERIES IN GENERAL. 

. From the foregoing facts it is evident that the Comanche series possesses 
a well defined lithologic and stratigraphic history. Its lower division is essen- 
tially sandy, but becomes less and less so and more calcareous as the bottom 
upon which they were laid down subsided. 

The alternating beds of the Basal subdivision of the Fredericksburg clearly 
flhow a deeper sea condition of origin than the Trinity, but not as deep as 
the chalk of the Comanche Peak and Caprina limestone subdivisions. After 
the latter there is a hiatus in our knowledge, but the Washita division re- 
veals an elevation of the ocean's bottom as slow and positive as is the subsi- 
dence recorded in the other basal divisions. In brief, there is recorded* (1) a 
long continued subsidence, during which nearly one thousand feet of deepen- 
ing sediments were laid down; (2) a long continued deep sea condition in 
which four or five hundred feet or more of chalks were deposited; (3) an 
elevation in which from three hundred to five hundred feet of shallowing 
sediments were deposited (the Washita division). 

The lithology of the Comanche series is predominantly calcareous and is 
marked by several essentially chalky horizons. 

There are also magnesian and arenaceous beds, but these are modified in 
color and appearance by the predominance of the accessory chalky matter. 
In color the tint is chalk white, yellow, cream-colored, and occasionally the 
white rock weathers into a dark grey, and not even in a single case are these 
rocks concretionary as recently recorded,* unless it is in a few feet of the 
Denison beds above mentioned. 



* A recent writer has alleged concerninji: these rocks: "I have no doubt that the 4000 
feet of limestone which I found in the San Carlos Mountains of Chihuahua were accumu- 
lated on a subsiding sea bottom. Deep sea forms seem to be either wanting or very rare. 
[ did not detect any forms from top to bottom of the series that might not have lived in 
comparatively shallow waters." Am. Jour. Science, Jan., 1890, p. 70.) 

•Am. Jour. Science, Dec., 1889, p. 443. 
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Portions of the section are stratified into bands of one foot or more, but a 
large majority of the strata are massive, while the whole series, except a few 
alternating marls and layers of the Trinity, are remarkably free from lami- 
nation. 

THE UPPER OR BLACK PRAIRIE SERIES. 

The writer believes the day will come when it will not be considered essen- 
tial to discuss together the Comanche series and the Upper Cretaceous series, 
so different are they in every geologic aspect. 

There can be but little doubt that the rocks now composing the Comanche 
series were elevated into dry land, that the succeeding land epoch continued as 
long as the time of deposition of either of the including series, and that the 
rocks of the Upper series were largely derived from the underlying Comanche 
strata, and laid down during an entirely different and later oceanic subsidence. 

The Upper series has been well studied in the Northwestern States, by the 
late Prof. F. B. Meek, the geologist who has contributed the most that is known 
concerning the Cretaceous formations of that country. His descriptions are 
found in a volume entitled ^^A Report of the Invertebrate Cretaceous and 
Tertiary Fossils of the Upper Missouri Country." By F. B. Meek, Wash- 
ington, 1876. The Upper Cretaceous series of Texas, while varying in many 
specific details from the section therein described, is so generically allied that 
it is evident those variations are merely local differences in the same great 
subsidence, and that nothing but long and arduous labor, to be yet performed, 
will reveal their exact affinities. 

The Upper Cretaceous series of Texas is divided into five conspicuous lith- 
ologic divisions, each unmistakable in its stratigraphic and topographic indi- 
viduality, yet gradating into its adjacent divisions.. Not one of these di- 
visions has been minutely or systematically studied, further than here pre- 
sented, although work in this direction is now in progress. 

THE LOWER GROSS TIMBER SANDS. 

North of the Brazos to Red River the base of the Upper series is composed 
of a brown, more or less ferruginous, predominately sandy littoral deposit, 
resting unconformably upon various horizons of the semi-chalky beds of the 
Washita division. These sandy deposits present an infinite variety of con- 
ditions of cross-bedding, clay intercalations, lignitic patches, and variation in 
fineness of size and angularity of the uncemented particles, characteristic of 
typical littoral deposits, while occasionally there are found fossiliferous hori- 
zons. One of these on Timber Creek, near Lewisville in Denton County, oc- 
curred in association with lignite and cross-bedded sands, and was composed 
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of undetermined Cerithiidae, Nentina^ Os^reaj AgutUaria cumminst (Whit^), 
and other littoral species. From a well at Wbitesboro, which was dug in 
the sharp sands of this division, I procured fish teeth ( Otodus), an Ammonite 
(Scaphiies)j and indeterminate moUusks. 

In the vicinity of Red River these sands are covered by a Post-Tertiary 
sand, which confuses their identity there. South of the Brazos and at Aus- 
tin these beds are entirely missing, a fact which is explicable in connection 
with certain volcanic events which took place just after they were laid down, 
exposing them to denudation before the next division was deposited. 

■ 

No systematic study of these beds, as a whole, has yet been made, and the 
thickness is estimated from casual observations by the writer. There is no 
more inviting field in Texas for study than these beds. Dr. B. F. Shumard 
discovered dicotyledonous leaves in this formation, 'and reported the same in 
the proceedings of the St. Louis Academy of Science, vol. 2, p. 140. He 
also correlated these sands with the Dakota group, or No. I of Meek and 
Hayden^s section. They are probably the same as the Arenaceous group of 
Shumard's Texas section. 

THE EAGLE FORD SHALES. 

Beneath the scarp of the white rock (Austin chalk) at Dallas, and extend* 
ing westward through the ** Mountain Creek country " to the Lower Cross 
Timbers, can be seen the clays of this division of the Upper series, the thick- 
ness of which I place at 400 feet as a low estimate. These clays in their 
medial portion are dark blue and shaly, highly laminated, and occasionally 
accompanied by gigantic " cannon ball " nodular septarise. Their lower con- 
tact with the Cross Timber sands has not been seen by the writer, nor re- 
corded to his knowledge. The uppermost beds gradually become more cal- 
careous, gradating rather sharply into the chalk. At Austin these beds occur 
in the same relative position, but are of varying thickness, and at one place — 
where Tenth Street crosses Shoal Creek — they are missing, the chalk resting 
on the Shoal Creek limestone. The northwestern part of the city is under- 
laid by these clays, which are here more calcareous, and accompanied by 
thin bands of laminated limestone. South of the river, along the Interna- 
tional Railroad, they are finely displayed in Bouldin's Creek, with the charac- 
teristic blue color on fresh exposure. 

They also appear at San Antonio near the cement works there, and proba- 
bly occur at many intermediate points. North of Waco they increase in ex- 
tent and thickness, forming extensive black waxy areas in Hill, Johnson, and 
Dallas counties, west of the white rock scarp. I have proposed for these 
areas the name Minor Black Waxy Areas, to distinguish them from the main 
Black Prairie Area underlaid by the Ponderosa marls. 
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THE AUSTIN-DALLAS CHALK, OR WHITE ROCK. 

Immediately succeeding the Eagle Ford clays comes the Austin-Dallas 
chalk, which is the most persistent, and at the same time the most represent- 
ative division of the whole Cretaceous system. The general character of this 
division has recently been described to the writer as follows: 

"The rock of this formation is a massive, nearly pure, white chaJk, usually 
free from grit, and easily carved with a pocket knife. Under the microscope 
it exhibits a few calcite crystals, and particles of amorphous calcite, and innu- 
merable foraminiferas. The air-dried indurated surfaces are white, but the 
subterranean mass has a bluish white color. The rock weathers in large 
conchoidal flakes^ with an earthy fracture. 

" In composition it varies from 85 to 94 per -cent of calcium carbonate, the 
residue consisting of magnesia, silica, and a small percentage of ferric oxide, 
as can be seen from the following analyses of unselected specimens by the 
chemist of the Survey. 

Rocky 
TexM. Comfort. 

Calcium carbonate 82.612 88.48 

Silica and insoluble silicates 11.451 9.77 

Ferric oxide alumina 3.648 1.26 

Magnesia 1.189 trao& 

"The thickness of this chalk at Rocky Comfort is 6ver 500 feet, 100 feet of 
which can be seen at the surface, the remaining 400 feet having been pene- 
trated by bored wells. So far as observed in Texas it aveittges the same 
thickness at Austin, Sherman, and Dallas. It is of great uniformity through- 
out its massive thickness and extent, but it shows a few local differences in 
nardness, which are sometimes due to surface induration. 

"It so closely resembles some of the beds of the underlying Comanche and of 
the overlying Upper Cretaceous tl.at until recently they have not been differen- 
tiated. Upon close examination, however, it is noticeable that the Lower Cre- 
taceous beds, as seen where Little River crosses the Choctaw boundary, are 
distinctly stratified and very much harder and generally more or less crys- 
tallized from pressure, solution, and redeposition of the carbonate of lime in 
the chalk. The topography of the Rocky Comfort beds is also of a milder type 
than that of the Comanche series, and is recognizable even at a distance. 
Above all, it is distinguished by its softness and by its entirely different fossil 
remains. The Rocky Comfort beds are also distingushed from the other 
chalky beds of the Upper Cretaceous by their greater firmness, different fos- 
sils, and by their higher percentage of calcium carbonate. With the excep- 
tion of the White Cliff chalk, the biher beds of the Upper Cretaceous seldom 
contain more than fifty per cent of calcium carbonate, the average being 
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twenty to forty per cent. TThe Rocky Comfort beds are also the only ones 
of considerable extent which have these peculiarities, those at White Cliff 
being the only others known to bear evian a partial resemblance to them. 
The western border of this chalk commences a few miles west of the south- 
west comer of the State of Arkansas, in Indian Territory, crossing Red 
River (the exposures continuing up the south side of the valley of that stream 
to the north of Sherman, where it deflects southward), passing near Whites- 
boro, Sherman, McKinney, Dallas, Hillsboro, Waco, Belton, Austin, San 
Antonio, and Spofford's Junction, Texas, beyond which it bends northward, 
appearing in the disturbed mountains in the vicinity of £1 Paso and the New 
Mexican realm, and again in No Man's Land, Kansas, Nebraska, and Colo- 
rado, where it is closely related and probably identical with the Niobrara 
chalk of Meek and Hayden. 

** A great portion of the former extent of this chalk has been destroyed by 
erosion, and its western border in Central Texas is now receding eastward 
tinder the influence of excessive atmospheric decomposition and denudation. 
From Austin to San Antonio it is more stable, but west of the latter place 
erosion again becomes great. That the whole group once continued far to 
the west, and perhaps entirely across the State, is not at all improbable. 

'< The characteristic topographic and physical features of this formation as 
seen at Rocky Comfort, such as the gently undulating topography, the white 
crumbling exposures, the intense blackness of the soil, are so nearly identical 
with those, of the same formation in Texas that they are indistinguishable. "> 

In the vicinity of Austin the soft and chalky structure is somewhat de- 
stroyed by the volcanic disturbances of the vicinity, such as the co-deposition 
of volcanic ash, and excessive jointing and faulting, but it maintains its pure 
chalky aspect elsewhere. 

THE EXOOTRA PONDEROSA MARLS. 

The Austin-Dallas chalk is succeeded by a remarkable deposit of clays, ag- 
gregating some twelve hundred feet in thickpess, according to reported well 
borings and estimates of the normal dip. These clays occupy the whole of 
the main Black Prairie region east of the Austin-Dallas chalk, and form the 
basis of the rich black waxy soil. Notwithstanding their areal extent, good 
outcrops of the unaltered structure are seldom seen, owing to the quick de- 
composition into soil. However, at the Blue Bluflfs of the Colorado, six 
miles east of Austin, a superb exposure is afforded, where these clayp can be 
readily studied and diagnosed. 



^ 'The Neozoic Geology of Southwest Arkansas." Vol. 2 of the Annual Report of th^ 
State Geologist of Arkansas. Little Rock, 1888, pp. 90-95. 
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They are of a fine consistency, unconsolidated, and apparently unlaminated 
nntil exposed to weathering, when their laminated character is developed. 

They are light blue before atmospheric exposure, but rapidly change into 
a dull yellow, owing to the oxidation of the contained pyrites of iron. Their 
chief accessory constituent is lime in a chalky condition, and they are more 
calcareous at their base than at the top. Near the top of these and other ex- 
posures there is to be seen a rapid transition into the black calcareous clay 
soil, characteristic of chalk and chalky clays, whenever their excess of lime 
comes in contact with vegeti^tion. 

The details of these clays have not been yet ascertained, and from the 
nature of the problem it is not evident that they can be discovered speedily, 
but the following facts are apparent: (I) That they are more calcareous 
and fossiliferous at their base, where they probably gradate into the Austin 
chalk. (2) That their middle portion is apparently void of well preserved 
fossils, yet impressions are abundant in places. (3) Toward the top, as seen 
one mile north of Webber ville, ten miles east of Austin, they becoine slightly 
arenaceous and concretionary and very fossiliferous, indicating a gradation 
into the Glauconitic division. 

The fauna of these concretionary clays at Webberville, Corsicana, and else- 
where begins to partake of the character of that of the Glauconitic division, 
and yields an abundance of species. 

The Webberville beds are practically the uppermost exposure of the Upper 
series along the Colorado section, for they are overlaid at that point by the 
Lignitic or BasaJ division of the Eocene Tertiary. In East Texas, where the 
rivers have cut through these overlying Tertiary beds, and in Southwest Ar- 
kansas, which is but the northeastern ternunation of the Texas section, the 
Glauconitic or Arenaceous division is highly developed. This division is 
the upward continuation of the Ponderosa marls, its chief lithologic difference 
being that the clays gradate into sands and glauconite as we ascend, and 
there are conspicuous changes in the fossils, which become more plentiful, 
and the species assume a sub-httoral aspect, partaking of the same faunal 
characteristics that distinguish the Cretaceous of the New Jersey and Ala- 
bama regions. This division as it occurs in Southwest Arkansas has been 
minutely described in my Arkansas report, but its whole detail remains to 
be developed in Texas, its occurrence having only been affirmed in one or 
two places without specific detailed study i. 

GENERAL OONCLUSIONS ON THE UPPER CRETACEOUS SERIES. 

The Upper Cretaceous series, including all the Cretaceous strata in Arkan- 



^See Am. Jouraal ScieDce and Arts, December, 1889. 
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MS from the base of the Rocky Comfort chalk upward, and in Texas from 
the base of the Lower Cross Timber sands, is continuous and unbroken, both 
stratigraphically and faunally. In structure it is, with few exceptions, un- 
consolidated, and in composition it varies from sands to clays, from clays to 
chalk, and from a pure foraminiferal chalk at its base through a thousand 
feet of chalky clays to arenaceous beds at its top, all of which indicates a com- 
plete Ternary succession of conditions, as in the Lower series, from land to 
deep sea and back to land again, the elevation taking a much longer time 
than the subsidence, as evidenced by the great thickness of the Ponderosa 
marls and Glauconitic division. The strata are apparently continous and un- 
broken in deposition and merge gradually one into another, and are connected 
from top to bottom ^y a unique, characteristic, and unmistakable fauna of 
marine moUusca. 

In fact, both stratigraphic and lithologic evidence attest the unity of the 
sediments of this series of beds and their gradual change from sands through 
clays into pure chalks at the base, and from chalks to clays and sands at the 
top. 



ANNOTATED CHECK LIST. 



The first figure following the author's name refers to the full title of the 
original publication given in the bibliography at the end of the check list 
The second figure gives the page of the original publication. The last figures 
are those of the year of publication. The capital letters refer to the forma- 
tion and horizon* Species no longer considered valid, owing to previous 
description, are italicized. Comments are by the compiler. An * indicates 
that the species has not been figured. The localities are usually those given 
by the author of the species. 

PBOTOZOA. 

Although the cretaceous rocks of Texas are mostly of f oraminif eral origin, 
including innumerable microscopic species now being studied in the geologi- 
cal laboratory of the survey, none of them have been recorded except the 
following conspicuous microscopic forms: 
NoDOSABiA TKXANA, Cou., 2, 159, 1857. W. Between El Paso and Frontera. 

Occurs also in vicinity of Fort Worth, 700 miles east of original locality. 
Obbitulitbs (Tinopobus) tkxanus, Roem. 1, 392, 1849; 2, 86, 1852. F. 

Between New Braunfels and Fredricksburg. 

This form composes the mass of a well defined chalk horizon south of the 
Brazos, as seen in the bluffs of the Colorado near the mouth of Bull Creek. 
Textulabia, sp. ind., Hill 3. A Austin chalk. 
Globioebina, sp. ind.. Hill 3. A. 

COELENTERATA. ANTHOZOA. • 

Tboohootathus (Tubbinolia) tkxanus, Con. 2, 144, 1857. W. Between 

El Paso and Frontera. 
Cladophtllia FtTBCiFSBA, Room. 4, 1888. H. Barton Creek, [two miles] 

west of Austin. 
IsASTBEA DisooiDKA, White. Qeol. Mag. 1888, p. 662. N. "Navarro beds." 

Have found what is probably this species in the shales at Eagle Ford. 
CoELOSMiLiA AincBiCANA, Roemer 4, 1888. H. Barton creek, west of Austin. 
Pabasmilia austinknsis, Roemer 4, 1888. H. Barton creek, west of Austin. 
Pleuboooba goalescens, Roemer 4, 1888. H. Barton creek, west of Austin. 
Plextboooba texana, Roemer 4, 1888. H. Barton creek, west of Austin. 
AsTBOOOKNiA ouADALUPAE, Roemer 1, 391, 1849; 2, 187, 1852. V.? Hills 

north of New Braunfels. 

EGHINODEBMATA. 

Ophiodebka, sp. nov.. Hill 2, 1887. W. Fossil creek, six miles north of 
Fort Worth. 
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Cidabis^hemiorInosus, Shum. 2, 609, 1860. W. Pluffs of Red river, La- 
mar county, and ten miles above mouth of Eaamesha creek. Figured in 
White 2. 

Salenia msxicana, Schlut. 2, 1888. A.? Chihuahua, Mex. 

Heiccidabis, sp. ind. An unstudied Hemicidaris, resembling H, OrenulariSf 
Lam., is found in the Caprotina limestone west of Austin. 

DiADEiCA TEXANA, Roemer 1, 392, 1849; 2, 83, 1852; Fredericksburg, and 
San Saba rivef . F. 

Ctfhosoica TEXANA, Koemer 2. 82, 1852. F. Fredericksburg and San Saba 
river. 

HoLECTTPus PLANATUS, Roomer 1, 393, 1849; 2, 84, 1852. W. F. Fred- 
ericksburg and San Saba river. 

Pyrina pabbyi. Hall, Con. 2, 144, 1857. W. Leon Springs. 

Cassidulus aequobeus, Shum. 1, 1858. A. Austin. 

Galebites (Discoidea) sp. nov. Sierra Blanca district. A beautiful unde- 
scribed species collected by Prof. W. H. Streeruwitz, and now in the State 
collection. 

HoLASTEB coMANCHESi, Marcou 1, 1858. W.? Red river, near Denison. 

HoLASTEB SIMPLEX, Shum. 1, 84, 1854. W. Fort Washita, I. T. 

ToxASTEB TEXANA, Roemcr I, 393, 1849; 2, 85, 1862. F. Fredericksburg, 
Texas. 

Macbasteb texanus, Roemer 3, 181, 1888. W. Georgetown. 

• This conspicuous species is probably the same as the next. It is charac- 
teristic of and peculiar to tne uppermost horizon of the Washita division, 

and extends from Fort Washita, through Denison, Fort Worth, Salado, 

G^eorgetown, Austin, and southwestward. 

Hemiasteb (Macbasteb?) eleoans, Shum. 1, 1854. W. Fort Washita^ In- 
dian Territory. 
This form, owing to indefinite figure and description, can not be positively 

determined, but there are strong reasons for considering it identical with the 

foregoing. 

Toxaster elegans, Con. 2, 146, 1857. W. Eagle Springs 

Hemiasteb pabastatus, Shum. 1. A. Austin. 

Heioasteb texanus, Roem. 1, 3, 1849; 2, 85, 1852. A. New Braunfels 
waterfall 
This common species is characteristic of the upper beds of the Austin chalk. 

MOLLUSOOIDEA. 

BRTOZOA. 

EsoHABA, sp. ind. Hill 3, 1888. T. Millsap, Texas, and Murfreesborough, 

Ark. 
EscHABA, sp. ind. 

An unstudied JSschdra; is frequently met upon the moulds of fossils in the 
che Peak beds. 
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Other Bryozoa have been frequently observed throughout the lower Cre- 
taceous formation, but, as yet, there has been no systematic study of them. 

BRACHIOPODA. 

LiNOULA, sp. ind. Shum. 2, p. 588. 

Tkbebratulina guadalupae, Roem. 1, 408, 1840; 2, 182, 1852. E.P. Ford 

of Guadalupe, New Braunfels. 

Also occurs at Austin and 200 miles north, in Dallas county. The original 
descriptions place the form in the genus Terebratula. Compare T, Oracilis, 
Sow. 

Terebratula choctawensts, Shum. 1, 181, 1854. W. Near Fort Washita, I. T. 
Terebratula leonenisy Con. 2, 164. "^. Southwest Texas. 
TiBBEBBATULA WAOOKNSis, Room. 2, 81, 1852. W. Waco Indian camp, west 

of New Braunfels. 

This species occurs in great numbers in the uppermost layers of the Wash- 
ita horizon, and I have traced its continuity from the Red river to the Rio 
Grande. 

LAMBTiTiTBUAyOHIATA. 

OSTRBIDAE. 

The Cretaceous Ostreidae of Texas belong to three widely distinct types, 
to- wit: (a) the normal form as seen in the living species, (b) forms having 
deflected beaks, as seen in the old but inseparable genera Qrypkaea and Eoco- 
gyra^ and (c) the alectryonate varieties. Only the normal form is found in 
the shallow water horizons, while the others are nearly all found in deeper 
water sediments. Each species has a well defined horizon of occurrence, and 
a restricted vertical, but a wide geographical range, which facts, although 
hitherto little appreciated, make them of great value in stratigraphic deter- 
mination. » 

a. Normal Forms. 
Ostrea anomiaeformt'sy Roem. 1, 1849; 2, 1852. F.B. Ford and waterfall, 

New Braunfels. 

I am inclined to believe this form a true Anomia, Common at Austin. 
O. BELLA, Con. 2, 1857. Western Texas. 
O. ooNOESTA, Con. 

This is a doubtful species, to which can be referred the young attached 
valves of nearly all adult forms. 
O. coBTEX, Con. 2, 157. Dry Creek, Mexico. 

This form occurs abundantly in beds which I conditionally refer to the 
Fredericksburg division. Found in the Tians-Pecos region. 
O. FBANKLiNi, Coquaud. Hill 4, 1889. T. 

Characteristic fossil of Trinity beds in Arkansas and Texas. 
♦O. LYOOT, Shum. 3, 200, 1862. Pine Bluff, Red River county. 
♦O. owENANA, Shum. 3, 200, 1862. N. Chatfield Point, Navarro county. 
♦O. PLANOVATA, Shum. 3, 201, 1862. N. Near Dresden, Navarro county. 

Have not seen the three last mentioned species. 
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O. suBgPATULATA, Lyell and Sowerby, Con. 2, 155, 1857. A? Western Texa& 
O. VELLioATA, Con. 2, 156, 1857. Rio Grande, between El Paso and Fron- 
tera. W? 

h. Qryph(uate and EocogyrcUe Forms, 

*Chn/phaea auceUoy Roem. 1, 395, 1849. F. Ford of Guadalupe, near. New 

Braunfels. 

It is strongly probable that all the oysters of this horizon belong to but 
one species. 
G» OAMJEOLA, Quenstedt var. nebrascensts M. & H., (4). F. 

This species, distinguished from certain narrow forms of O. Pitchert by its 
costate umbone, is occasionally found in the basal Comanche series. 
O. fomiculaia, White 3, 293, 1879; 4, 13, 1880. Bexar county. 

This is a variety of the naviate form of O. Pitchert Morton, which according 
to Roemer and the type specimens, is the typical form of that species. 
G. PiTCHERi, Morton 1, 55, 1834. E.A., and V. Kiamesha Plains, L T. ' The 

same variety was beautiftilly figured in Marcou 1, as var. titcumcarrt. 

This form, described long years before the stratigraphy of the southwest 
was studied has been the cause of endless confusion. Its history up to the 
present year has been given in YoL II of the Arkansas Geological Survey 
for 1888. Notes in this check list embody still newer facts. I can now assert 
with positiveness that the form figured under this name by Morton, Roemer, 
Conrad and Marcou, and G. fomiculatay by White, is a greatly variable but 
persistent species, occurring principally in the upper beds of the Washita 
division of the lower formation, and also in the Comanche Peak horizon of 
the Fredericksburg. The larger O, dHatata^ Marcou, of Tucumcam Mesa^ 
and the entirely different dilated species occurring with 0. carinata in the 
Washita limestone horizon, which I mistook for the foregoing before seeing 
Mr. Marcou's species, both in his collection and at Little Tucumcarri, and a 
diminutive new form in the Fredericksburg division which I once considered 
identical are persistent species and entirely distinct from O, pitchert Morton. 
These conclusions are arrived at after years of study, not only of the litera- 
ture and museum specimens, but personal visits to nearly every locality men- 
tioned, besides hundreds of others throughout their extent. 
O. pitcheri, Mort. var. dilatata, Hill 1, 100, 1888. 

This is a persistent form occupying a well defined horizon in the Washita 
limestone, extending southward continuously through Denison, Fort Worth, 
and Austm. It is a new and distinct species. It is broader than long, and 
is especially marked by its small size, its fragile shell, and conspicuous, widely 
extended wing. I propose for it the name 

G. wASHiTAENSis, sp. uov., as abovc. 

This form will be illustrated at an early day. 
G. prrcHEBi, var. Navia, Hall 1, 100, 1856. False Washita, I. T., Camp 3. 

As shown by Roemer, this is also the original form of Morton's poorly- 
figured types, as seen in the Philadelphia Academy's collections. 
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G. PiTOHSRi var. tucumcarri^ Marcou 1. See remark|B on G. fomiculata, Whita 
G. YEsicuLABis^ Lamarck. A., E.P., N. 

This form ifi found only in the upper formation, and is especially abundant 
in the upper beds, associated with 0. larva and E, costaia. Owing to the 
fact that the uppermost or glauconitic beds in Texas are overlapped by the 
Tertiary, this species is not so abundant as in the east. It has been seen by 
me in Dallas and Travis counties, however, and thorough exploration of the 
intervening area will doubtless show its continuity. The form has been 
almost inextricably confused with G. piichert in early literature of the region, 
especially in the writings of Buckley and G. G. Shumard. 
G. VEsicuLABis, var. aucella, Roem. 2, 74, 1852. 

See O, aucelJa. 
Exogyra aqutlla, (Goldfuss) White, 6. W. 

This is a young variety of G. sinuaia. 
B. ABiETiNA, Roem. 1, 397, 1849; 2, 68, 1852. E.A. Mission Hill, near 

New Braunfels; San Marcos Springs, and Brazos river 30 miles above 

Torre^'s trading house. 

This unique form is confined to the clays of its name, which outcrop con- 
tinuously across the State, immediately above the Washita limestone. 
E, caprinaj Con. la, 273, 1853. 3&n Felipe creek, near Rio Grande, and in 
New Mexico. 

This species is the same as the foregoing. 
♦B. oosTATA, Say, Roem. 1, 396, 1849; 2, 72, 1852. B.P? 

Three miles east of New Braunfels. 

This is another of the species characteristic of the upper horizons of the 
upper formation. See remarks on E. fra^osa, E. ponder^oa, and (?. vesictdans. 
B. FiMBRiATA, Cou. 1, 54, 1857. Western Texas. 

Doubtful species founded on one specimen. 
B. FLABKLLATA, Goldfuss, Marcou 1, 41, 1858. F. Cross Timbers and Fort 

Arbuckle, I. T. 

This name is used for the species called E. texana^ by Roemer, and 0. 
maiheroniana, d'Orb., by Conrad. It is the characteristic oyster of the 
Fredericksburg or lower division of the lower formation. 
E. Fragosa, Con. 2^ 155, 1857. Between El Paso and Frontera. W. V. 

This species deserves a more complete description than could be given by 
Mr. Conrad with the data he possessed. It belongs with the large, exogy- 
rate forms like E, costata Say, and E. pcmderosa Roemer, being flatter and 
less globose than either of them, and possessing the rugose and costate mark- 
ings in a less conspicuous degree. The form occurs in the uppermost layers 
(Shoal creek limestone) of the lower formation at Austin, and in the Frank- 
lin mountains and elsewhere in the Trans-Pecos region. It is the biologic 
and stratigraphic antecedent of the forms above mentioned, and unless one 
is thoroughly acquainted with their varietal limitations they are apt to be 
confounded. 
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E, loEviusada, Roem. 1, 39lB, 1849; 2, 70, 1852. A. Bed of Cibolo river, 

on New Braunfels and San Antonio road. 

Common in Austin chalk from Arkansas to New Mexico, and in Utah. 
Young of E, ponderosa. 
E. maiheroniana, d'Orb. Con. 1, 154, 1857. F.? Between El Paso and Fron- 

tera. 

Same as E, flahdlatta^ Groldfuss, Marcou, and E. Texana, Roemer. 
E. PONDEBOSA, Roem. 1, 395, 1849; 2, 71, 1852. A. E.P. East of New 

Braunfels, three miles. 

The distinguishing fossil of the thousand or more feet of clay marls, be- 
tween the Austin chalk and the glauconitic beds, and underlying the main 
black prairie region. It is the predecessor of E. costata. Its young in the 
Austin chalk of Texas, New Me2;ico, and Utah, has been described under 
many names. 
G. smuATA, var. amkrioana, Marcou, 1, 37, 1858. W. Border of Red river, 

near Denison, Texas. 

One of the most beautiful of the Texas oysters. It occurs m the upper 
part of the Washita limestone, throughout its narrow extent from Denison to 
Austin. It was redescribed under the name of E, waUceri, by White, in 
1879. 
E, texana, Roem. 1, 396, 1849; 2, 69, 1852. Fredericksburg. 

See E. flahellatta, as above. 
E. walken, White 2, 278, 1879. Salado, Bell county. * 

See &. sinuaia, as above. 
E. wtncheUt, Whiter, 295^ 1879. A.? Collin county. 

c. Alectryonate Forms. 

OsTBEA BELLAPLiCATA, Shum. 2, 60S, 1860. F.B. Near Sherman, on the 

bluffs of Post Oak creek, and other localities in Grayson county. 

Figured by White 2, 276, 1879. Occurs in upper part of Eagle Ford 
shales, from Grayson county southward. 
0. blackti, White 3, 293, 1879; 4, 11, 1880. Collin county. Identical with 

foregoing. 
0. CABiNATA, Lam., Roemer 2, 75, 1852. W. Wacc^ Indian camp eight 

miles above New Braunfels. 

A characteristic fossil of the Washita limestone, throughout its extent 
0. CBENULncABOo, Roemer 2, 76, 1852. F.? Fredericksburg. 
0. DiLuviANA, Lam., White. V. and W. 

Occurrence rare at Austin, Salado, and elsewhere. 
O. LABVA, Lam. G., B.P. 

I have seen this characteristic Cretaceous oyster from the uppermost beds 
at Manor, Travis county, and elsewhere. 
O. Mabshii, Sow., Marcou 1, 43, 1858. Pyramid mountain, N. M. 

After a personal inspection of the formation in which this species occurs, 
I feel no hesitancy in pronouncing it entirely different and older than any 
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• 

horizon in my Texas section. There is some reason to believe that it is the 
same as the 0. stthovata^ Shum., which extends from the Travis Peak (Trinity) 
sands to the Shoal creek limestone. 
0. QUADRiPLicATA; Shum. 2, 608, I860. W. Bluffs of Red river, Lamar 

county, and ten miles above mouth of Eliamesha creek. 

Found in decreasing numbers southward, at Fort Worth. This form at- 
tains four or five times the size of specimens hitherto figured. 
0. SUBOVATA, Shum. 1, 179, 1854. W. Fort Washita, I. T. 

A very poorly figured species. Also occurs as far south as Austin, in the 
Washita limestone. There are some .reasons for believing this species iden- 
tical with the lower-occurring form of 0. Marshit, Marcou. 
0. VELLicATA, Cou. 2, 156, 1827. W. Rio Grande between El Paso and 

Frontera. 

ahomiidab. 

The Anomiidae need revision. Species occur in the littoral beds of each 
formation in great abundance. 
Anomia, sp. ind. Hill 4.' A very small species occurring in great numbers 

throughout the Trinity beds in Arkantes and Texas. 
A. ANOMiiEFOBMis, Roemer 1, 1849; 2, 1852. 

See 0. anomtcBformis, 
A. ABOENTABiA, Mort. Hill 4. E.P. Occurs in Arkansas abundantly. 
Anomia micronema f M. and H. An undescribed species, greatly resembling 

one of Meek's species frgm the northwest, occurs in the uppermost upper 

Cretaceous beds at Eagle Pass. It is specially marked by fine costae. 

SPOlVDTIilDAB. ' 

Plioatula incongbua, Con. 2, 153, 1857. A. Locality not given. d'Orb.? 
P. PLACUNEA ? W. A species indistinguishable from the European forms, 

occurring abundantly in the Washita beds from Fort Worth to Denison. 
Spondylus guadalupae, Roem. 1, 400, 1849; 2, 62, 1852. A. Waterfall 

of Guadalupe at New Braunfels; bed of Cibolo, at crossing of New Braun- 

fels and San Antonio road. Compare P, dumosum^ Morton 1, pp. 59-60, 

and P, sptnosumj Sowerby. 

Found also at Austin, Watters, and other places. One of the most charac- 
teristic species of the Austin chalk. 
Spondylus, sp. nov.? The writer has found in the Washita limestone, two 

miles northwest of Austin, a larger and different species from any hitherto 

noted in Texas, which will be figured at an early day. 

lilMIDIDAE. 

Lima (Radula) cbenulioosta, Roemer 1, 399, 1849; 2, 63, 1852. W.? 

Waterfall, New Braunfels. 
L. kimbalu, Gabb 1, 1872, 26. F., W. Nugal, Mexico. 

Greatly resembles and probably identical with following species. 
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L. WA0OEN8IS, Roemer 1, 399, 1849; 2, 63, 1852. W., E.A., and F. Waco 

camp, eight miles above New Braunfels. 
L, leonenstSj Con. 2, 151, 1857. W. Leon Springs. 

Identical with preceding species. 

PECTElflDAE. 

♦Peotkn iEQUicosTATus, Lam'k. Roemer 1, 398, 1849. Upper Brazos and 

Cibolo creek. 

Not rementioned in Roemer 2, and hence the inference that the species 
was abandoned by him. 
P. duplicosta, Roemer 1, 398, 1849; 2, 65, 1852. V.? North branch of 

of Pedemales. 

I suspect that this species, which was confessedly described from a single 
imperfect specimen, is the same as the magnificent Pecten in the Shoal creek 
Umestone at Austin, which I have referred to as P. flAtriaussianay d*Orb., and 
as Vola quinquecostala, Sow. To avoid further confusion 1 have figured and 
redescribed this form under the name of P. Roemert. • 
P. (Vola) Roemeri, Hill 5, 1889. V. Characteristic fossil of Shoal creek 

(Vola) limestone. Shoal creek, Austin. 
Vola quinquecosiata, Sow., Hill 3, 1889. •See foregoing. 
P. NiLLSONi, Goldfuss, Roemer 2, 67, 1852. A. Guadalupe river on New 

Braunfels-Seguin road. 

Probably same as Amusium simpUcum, Con. 
P. QUADBicosTATUs, Sow., Roomer 1, 3&8, 1849;" 2, 64, 1852. F.? and W. 

Waco camp, west of New Braunfels. 

Associated with Washita limestone fauna throughout its extent. 
Neithea occidentalism Con. 1, 369, 1851; 2, 150, 1857. 

Same as foregoing. 
P. texantiSm Roemer 2, 65, 1852. W. Water rolled specimens from debris 

of the Cibolo, at crossing of San Antonio and New Braunfels road. 

A form of extreme variation of P. quadricostaius. Comparison of numer. 
ous specimens shows every gradation between them. 
Amusium simplioum, Con. 

Specimens which are provisionally referred to this species have been found 
by the writer at the top of the Ponderosa marls in Arkansas and east of 
Austin. 

Cambtonectes vibgatus, Nils., Roem. 2, 66, 1852. A.? River drift of Gua- 
dalupe, below New Braunfels. 
♦Vola (Janiba) wbightii, Shum. 2, 607, 1860. V. Found in the Caprina 

limestone, Shoal creek. Austin, and Barton creek, near Austin. 

AVICUIilDAE. 

AviouLA coNVKXO-PLANA, Room. 1, 400, 1849; 2, 61, 1852. P. Freder- 
icksburg. 
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*AvicnLA nmiDESGENS, Shum. 3, 203, 1862. F.B. Head of Pine creek, 

Lamar county. 
AviouLA PKDKRNALis, Roem. 1, 400, 1849; 2, 61, 1 852. F. Fredericksburg. 
AviouLA PLANIU8CULA, Room. 1, 401, 1849; 2, 62, 1852. F.B. Waterfall 

of the Guadalupe, at New Braunfels. 
AvicuLA? 8TABILITATI8, White 3, 296, 1879; 4, 15, 1880. F.B.? Collin 

county, Texas. 
♦Gkbvillia gbkgaria, Shum. 2, 606, 1860. D. and F.B. Blivffs of Red 

River, Lamar county. Probably same as next. 
AouiLLABiA cuMMiNBi, White 6. D. Timber creek, Denton county. Corre- 
sponds somewhat to OervtUia gregariay Shumard. Types collected by me. 

R. T. H. 
Gebvillopsis ("Dalliaconcha") invaoinata, White 6. F.B. ? Fossil 

creek. W? 
Inocebamus bifobmis, Shum. 2, 586, 1860. A. Austin. 

♦ Inocebamus (a) oapulus, Shum. 2, 606, 1860. F.B. Bluffs of Red River, 

« 

Lamar county. Associated with Ammonites swaUovi, Shum., and Tapes 

hilgardi, Shum. 
Inocebamus confebtim-annulatus, Roem. 1, 402, 1849; 2, 59, 1852. F.B. 

'.*Ford of Guadalupe, New Braunfels." Camp No. 4, Cross Timbers, 

Shum. 1, 180, 1854. 
Inocebamus cbipsh, Mant.? Roem. 1, 401, 1849; 2,56, 1852. F.B.?, A.?, 

N. G. Con. 2, 152, 1857. Ford of Guadalupe, New Braunfels; bed of 

Cibolo, crossing of New Braunfels. 

I have seen no specimens except from the Glauconitic division which could 
be satisfactorily referred to this species. 
Inocebamus divebse-sulcatus, Roem. A. "Austin." Schlueter 1, 1888. 

Same as /. diverse-digitaius^ Sow. 
Inooebamus exogtboides. Meek. A. "Austin." Schlueter 1, 1888. 
Inocebamus involutus, Sow., Schlueter 1, 1888. A. "Austin." 
Inocebamus latus, Mant., Roem. 1, 401, 1849; 2, 60, 1852. A. F.B. Ford 

and waterfall, New Braunfels. 
Inocebamus MYTiLOiDES, Mant., Roem. 1, 401, 1849; 2, 60, 1852. F.B. Ford 

and waterfall of Guadalupe at New Braunfels. Associated with 7. cripsiif 
Inocebamus MYTIL0P8I8, Con. 2, 152, 1857. A. "Southwest Texas." 
Inocebamus pboblematicus ? Schloth. F.B. Fish beds near Austin. 
Inocebamus stbiatus, Mant., Roem. I, 402, 1849; 2, 60, 1852. A. Water- 
fall, New Braunfels. 
Inocebamus subquadbatus, Schlueter 1, 1888. A. "Austin." 
Inocebamus texanus, Con. 2, 152, 1857. G.? Western Texas and Jacun 

three miles below Laredo, Texas. 
Inocebamus umbonatus. Meek, EUll. A. Austin chalk. 



(a) Note: — No revision of the Inoceraminae is here attempted. Thus iax none of them 
are recorded from the Comanche series. 
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r 
iNocxRAifUB UKDULAT0-PLICATU8. Roem. 1, 402, 1849; % 59, 1852. A. 

Waterfall of Guadalupe below New Braunfels. 
AucKLLA?, sp. nov. H, 

Several specimens of this genus from the Caprina limestone have recently 
been seen by the writer. Locality, west of Austin. 

■ 

NYTTIilDAE. 

Mttilus semiplicatos, Koem. 1, 402, 1849; 2, 55, 1852. A. Ravine be- 
tween New Braunfels and Seguin, three miles below New Braunfels. 

Mytilus TENumcsTA, Roem. 1, 403, 1849; 2, 55, 1852. F.? Fredericks- 
burg. 

MoDiOLA COCEKTBICAGOSTELLATA, Roem. 1, 403, 1849; 2, 54, 1852. F. 
Fredericksburg and San Saba valley. 

MoDioLA ORANULATo^CANCELLATA, Roem. 2, 54, 1852. A Ra^ne between 
New Braunfels and Seguin. 

MoDioLA PABVA, Hill 3. T. West of Weatherford, and at MurfreeeborO| 
Ark. 

MoDioLA PEDERNALI8, Roem. 1, 403, 1849; 2, 53, 1852. F. Fredericks- 
burg and San Saba vaUey. 

PIlfiaDAB. 

♦PiuNA LAQUEATA, Cou. Whitf. 1, 1889. No locality given. 
♦Pinna, sp. ind., Roem. 1, 402, 1849. F. Fredericksburg. 

P. quadrangukirtSj Goldf., tab. 127, fig. 8. 
"♦Pinna, sp. ind., Roem. 2, 56, 1852. A. Chalk marls of ravme between 

New Braunfels and Seguin. 
♦Pinna, sp. ind.. Hill. 

I have seen two indeterminate species of Pinna — one in the Washita lime- 
stone at Fort Worth, the other in the Shoal creek limestone at Austin. 

ARCIDAE. 

Abca oratiota, Hill 3. T. Gypsum Bluff, Ark. 

Aboa PARVA-MIS80URIEN8I8, Hill 3. T. Gypsum Bluff, Ark. 

♦Abca pboutiana, Shum. 2, 601, 1860. F. Comanche Peak, and Parker 
county, near Brazos river. 

Aboa subelonoata. Con. 2, 148, 1857. W.? Between El Paso and Fron- 
tera. 

♦Aboa, sp. ind., Roem. 1, 404, 1849. F. Fredericksburg and New Braun- 
fels. 
Probably same as A. phoktdtformis d'Orb., 1. c. Ill, pi. 315, figs. 1-5. 

♦CtouLLiEA MILLE8TRIATA, Shum. 3, 202, 1862. T.? F.B.? Red river, 
Lamar county, Texas. 

CuouLLiEA TEBMiNALis, Cou. I, 148, 1857. F. A Very persistent form in 
the Fredericksburg division. 
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OuouLL^A MAiLLBANA? d'Orb., Roem. 1, 403, 1849; 2, 52, 1852. A. 
Waterfall of Guadalupe, NewBraunfels. 

NUCUIilDAE. 

♦NuouLA BKLLA8TBIATA, Shuni. 3, 202, 1862. F.B.? Red river bluffs, 

Fannin county. 
NucuLA HAYDENi, Shum. 2, 602, 1860. F.B.? Red river, Fannin county. 
NucuLA 8KBRIATA, Shum. 2, 603, 1860. F.B.? Bluffs of Red river, Lamar 

county. 
NuouLA SLACKIANA, Gabb. Whitf. 1, 1889. No locality given. 

TRIGONIIDAE. 

♦Tbiqonia alifobmis, Goldf. (Gabb, not Park.), Roem. 1, 404, 1849. A. 

Ford of Guadalupe, New Braunfels. 
Tbigonia cbenulata. Lam. Roem. 2, 51, 1852; Shum. 1, 180, 1854. F. 

Fredericksburg and Cross Timbers. 
Tbigona emobyi. Con. 2, 148, 1857. W. Between El Paso and Frontera. 
Tbiqonia tkxana. Con. 2, 148, 1857. W.? Leon Springs, Texas. 
Tbigonia thobacioa, Mort., Roem., 2, 52, 1852. A. Ravine between New 

Braunfels and Seguin. 

Probably same as T, aliformis above. 
♦Tbiqonia, sp. ind.. Hill. N. North of Webberville. 

ASTARTIDAE. 

Cabdita? kminula, Con. 1, 150, 1857. F. Leon Springs, Texas. 
It is very doubtful whether this imperfect specimen is a Cardita, 
AsTABTB LiNKOLATA, Room. I, 404, 1849; 2, 51, 1852. F.B.? Ford of 

Guadalupe, New Braunfels. 
AsTABTE ('*Stkabn8ia") bobbinsi. White 6, 1887. W. 

I collected the type specimens of this species in company with Prof. Rob- 
bins from the top of the Washita limestone, six miles north of Fort Worth. 
AsTABTE TEXANA, Cou. 2, 152, 1857. F. Western Texas. 

This species is poorly figured and described. 
AsTABTE wASHiTAENSis, Shum. 1, 180, 1854. F.? Camp No. 4., Cross Tim- 
bers. 

CRASSATET^UEDAE. 

♦Cbassatella lineata, Shum. 3, 201, 1862. N. Near Corsicana, Navarro 

county. 
♦Cbassatella? pabvula, Shum. 3, 202, 1862. N.? Red river, Fannin 

county. 
Cbassatella subplana? Con., H ill. N. Numerous specimens from two 

miles north of Webberville are here provisionally referred to this species. 

chamidae. 

♦DicEBAS, sp. ind., Roem, 1, 404, 1849; 2, 53, 1852. H. Edge of plateau 
near New Braunfels. 
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RsQiHEKiA (oaprotina) BI00BNI8, Meek 1, 12 6y 1876. F. Fort Lancaster, 

Texas. 

There is no reason for separating this from R, iexana, Roem. 
IRbquienia pataoiata, White 5, 6, 1884. H. "Near Austin, Texas." 

This and accompanying fauna comes from the Caprina limestone exposed 
in Barton creek and the bluffs of the Colorado west of Austin. 
Rkquiknia (oapbotina) texana, Roem. 2, 80, 1852; White 5, 7, 1884. F. C. 

and H. " Near Austin, Texas." C. Highlands between New Braunfels 

and Fredericksburg; Waco Camp, 8 miles above New Braunfels; Salado 

creek; Sabine creek. 

Marcou, in 1, 42, 1858, reports this form at "Comet creek, on left bank 
of the False Washita, associated with Qryphcea pilcheriy I have found two 
distinct horizons where this fossil occurs in great plentitude — one at the base 
of the Fredericksburg, the other above the Caprina. Closer study may dif- 
ferentiate the species. 

MoNOPLKUBA MARCiDA, White 5, 8, 1884. H. "Near Austin, Texas." 
MoNOPLEtjRA suBTRiQUETBA, Room. 2, 81, 1852. H. Valley of San Saba 

and upper arm of Pedernales river. 
Mofiopleura pingiuscula^ White 5, 81, 1884. H. "Near Austin, Texas." 

A comparison of abundant material shows this is very near if not identical 
with M, sttbtriquetray Roem. 
MoNOPLEUBA TEXANA, Roem. 2, 81, 1862. C. H. Waco Camp on Gauda- 

lupe river, 8 miles above New Braunfels. Associated with Caprina Gau- 

dalupae and C crassifihra. 
Capbina cbassifibba, Roem. 1, 408, 1849; 2, 79, 1852. C. Waco Camp, 

upper arm Pedernales river; San Saba river. 
Capbina guadalupae, Roem. 1, 408, 1849; 2, 79, 1852. H. Waco Camp, 

8 miles above New Braunfels. Associated with C, crassifihra. 
Capbina planata, Con. 1, 268, 1855; 2, 147, 1857. H.? Oak creek, near 

Pecos, Texas. 
Capbina ocoidentalis. Con. 1, 268, 1855; 2, 147, 1857. H. C. Pecos river, 

near mouth. (A. Schott.) 
Capbina texana, Roem 1, 409, 1849. H. C. ? Road from Fredericksburg 

to New Braunfels. 
\ Plagioptyohus ("budistes") coBDATUs, Rocm. 4, 1888. H. C. barton 

creek, west of Austin. 

Have not seen this species. 
^ IcHTHYOSABCOLiTHES ANGUI8, Room. 4, 1888. H. Barton creek, west of 

Austin. 

RUDISTAE. 

*nippuriUs ausiinensisj Roem. 1, 410, 1849. A. Austin. This is RadioUtes, 

Generic name corrected in Roem. 2. 
^HippuriUs sabinae, Roem. 1, 410, 1849. "Sabine creek, between Austin (?) 

and Fredericksburg ? A. Radiolites. Species abandoned in Roem. 2. 
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HippuBiTES TKXANU8, Roem.' 1, 409, 1849; 2, 76, 1852. H. C. Ford of 
Graudalupe River at New Braunfels. (Probably rolled.) Gabb. in 1, 263, 
1872, reports from Nugal, Chihuahua, Mexico. They are rare and occur 
only in the Comanche series. I have found one perfect specimen (now in 
the museum of Cornell University) in the Caprina limestone. Fragments 
are frequently brought in. 

Radiolites AU8TINKN8I8, Rocm. 2, 77, 1852. A. Austin. Characteristic of 
Austin c£alk and Ponderosa marls. I have seen it also at Canon City, 
Col., in Arkansas, and in Mississippi. Probably closer jstudy will show 
its identity with the Alabama species. 

liVCINIDAE. 

LuoiNA AOUTE-LiNKOLATA, Roem. 4, 1888. H. Barton Creek, west of Aus- 
tin. A beautiful and abundant species. 

LuciNA PARviuNEATA, Shum. 3, 204, 1862. N. Near Corsicana, Navarro 
county. 

♦LuoiNA suBLKNTicuLABis, Shum. 2, 602, 1860. F.B. Bluffs of Red river, 
in Lamar and Fannin counties. Associated with Ammoniits swaUoviy 
Shum. ; Inoceramus capulus, Shum. ; and Oervillta gregaria, Shum. 

FiMBBiA STBiATO-cosTATA ? d'Orb. Ill, p. 114, pi. 281, fig. 2; Roem. 1, 407, 
1849; 2, 47, 1852. F. Fredericksburg. 

, CARDIIDAE. 

Cabdium chootawense, Shum. 2, 599, 1860. F.B. Post Oak creek, Gray- 
son county. Associated with Ostria hellaragosa fig. in White 2. 
Cabdium congestum, Con. 2, 149, 1857. N.? Rio San Pedro. Valley of 

Royo San Felipe, Texas. 
Cabdium mediale. Con. 2, 149, 1857. F. The cast of this species is very 

common. 
Cardivm transversale, Roem. 1, 406, 1849. F.? Fredericksburg. Specific 

name retracted in Roem. 2, 50, 1852. 
Paptbidba? (cabdium) sanctisabas, Meek., Roem. 1, 405, 1849; 2, 48, 

1852. F.? Fredericksburg. V.? Spanish Fort (Northern Mississippi). 
LioGA&DiuM (Pachycabdium) spillmani, Con. N. G. This characteristic 

upper cretaceous fossil is quite common at Corsicana and other points in 

Navarro county. 
♦Pbotocabdia (cabdium) bbazoense, Shum 2, 600, 1860. F. Johnson 

county, at Comanche Peak, a few feet above level of Brazos river, and 

near Patrick's creek, Parker county. 
♦Pbotocabdia (cabdium) colobadoense, Shum. 2, 599, 1860. F. Burret, 

Travis, Bosque, Johnson, and McLennan counties, and according to G. G. 

Shumard several hundred miles further westward. 
Pbotocabdia (cabdium) filosum. Con. 2, 150, 1857. F.? Leon Springs, 

Texas. 
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Pbotocardia (cardium) hillanum, Sow., Roem. 1, 406, 1849; 2, 49, 1852. 

F., W. Fredericksburg and San Saba valley. Most of the species above 

mentioned probably belong to this form. 
Pbotocardia (cabdium) multistbiatdm, Con. 2, 149, 1857; Shum. 1, 181, 

1854. F. Leon Springs, Texas. Camp No. 4, Cross Timbers. 
Protocardia (cardtum) texanum^ Con. 2, 150, 1857. W. Between El Paso 

and Frontera, Texas. Same as P. hiUomum^ Sow., above. 

CYRENIDAE. 

Gtbena abkansaensis, Hill 3. T. Gypsum BlufE, Ark. 

Cyrkna, sp. nov. H. Barton's Creek west of Austin. Undescribed species 

m State collection. 
CoBBiouLA piKBNSis, Hill 3. T. Gypsum Bluff, Ark. 

CYPRINIDAE. 

Cypbina? sp. ind. Roem. 1, 407* 1849; 2, 47, 1852. F. Upper branch 

of Pedemales river. 
Venilia (veniklla) oonbadi, Mort Whitf. 1, 1889. No locality given. 
♦Venilia (Cypbina) laphami, Shum. 3, 204, 1862. F.B. ? Bluffs of Rod 

river, Fannin county. 
IsocABDiA WASHITA, Msfcou 1, 37, 1858. F.B. On banks of Red rivor, 

near Denison. 1 - have found this species in Eagle Ford clays, four miles 

south of Denison. 
IsooABDiA, sp. ind., Roem. 1, 405, 1849; 2, 50, 1852. F. Fredq^cksburg. 

YENERIDAE. 

Tapes hiloabdi, Shum. 2, 601, 1860; White 4, 22, 1880. F.B.? Bluffs 

of Red river, Lamar and Fannin counties. 
♦Venus sublamellosus, Shum. 2, 598, 1860. F.B. ? Five miles north of 

Sherman, Grayson county. Associated with Scaphites vennicidus, 
♦Venus? sp. ind., Roem. 1, 407, 1849; 2, 47, 1852. F. Fredericksburg. 
Cythebea (dione) LAMABEN8I8, Shum. 2, 600, 1860; Fig. in White 2. F.B. ? 

Red river, Lamar county. Probably same as C, owena, Meek & Hayden. 
Cythebea (dione) leonensis. Con. 2, 153, 1857. W.? Leon Springs. El 

Paso road, Texas. • 

Cythebea (dione) texana, Con. 2, 153, 1857. W. Between El Paso and 

Frontera, Texas. 
Gypbimebia cbassa, Meek 1, 128, 1876. F.B. Pope's well, near Galisteo. 

I have found this species in Eagle Ford shales at Denison, Texas. Often 
confused with Arcopagia teocana Roemer by collectors. 

TELIilNIDAE. 

Lineabia (aboopagia) texana, Roem. 2, 46, 1852; Con. 2, 149, 1867. F. 
Fredericksburg. Leon Springs, Texas. Has been wrongly confused with 
Cyprimeria crassOy Meek. 
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LiNEARiA ?. (soLEN ?) iRRADiANS, Roem. % 45, 1852. ]?. Fredericksburg. 
Gabi (fsammobia) 0AN0ELLAT0-8CULPTA, Roem. 2, 46, 1852. A. Waterfall 
of Guadalupe river. New.Braunfels. 

PAPHIIDAE. 

Taoblus (leoumen) ELLipnous, Con., Shum. 4, 1862. Navarro county. 

SOIiENIDAB. 

♦SoLEN? ELEOANB, d'Orb, 1. c. Ill, p. 322, pi. 351, figs. 3-5; Roem. 1, 407; 
1849. F. Fredericksburg. ^ 

PHOIiADOMTIDAE. 

♦Pholadomya linceoumi, Shum. 3, 199, 1862. N. Corsicana, Navarro 
county. 

Pholadomya pedernales, Roem. 2, 45, 1852. F. Fredericksburg. 

Pholadomya texana. Con. 2, 152, 1857. F.? Turkey creek, Leon and 
Eagle Pass roads. 

HoMOMYA ALTA, Room. 2, 45, 1852. F.? V.? Fredericksburg. 

♦Panop^a^? newberbyi, Shum. 2, 605, 1860. F. Parker county, and 
Comanche Peak, in Johnson county. Probably same as P. rtcta d'Orb. 
•*Pal. France," tom. 5, p. 384, pi. 356, figs. 1-2. 

Ihracia f myaeformis, White. F.? Same species as above. G^nus indeter- 
minate. 

♦Panopaea? subparallela, Shum. 2, 605, 1860. F.B. ? Red river, Fan- 
nin county. 

♦Panopaea? subplicata, Shum. 3, 199, 1862. N. Chatfield Point, Na- 
varro county. 

Panopaea ? texana, Shum. 1, 181, 1854. F. Camp No. 4, Cross Timbers. 

♦Panopaea? regularis? d'Orb., 1. c. pi. 360, figs. 1-2; Roem. 1, 407, 1849; 
2, 45, 1852. v.? F.? Pedernales river. 

Pachyma? austinensis, Shum. 2, 604, 1860; White 2, 298, 1879. W. 
Shoal creek, near Austin. Associated with lerebratula wacoensis, lurrt- 
lites hrazoenstSf and Ostrea suhoiata. Salado, Bell county. (Walker.) 
Probably same as P. gigas, Sow., "Min. Conch," vol. 6, p. 1, pi. 504-505. 

Paohyma? (cyprioardla. ?) TEXANA, Room. 1, 404, 1849; 2, 50, 1852. F. 
Fredericksburg. 

Pachyma f compacta, ^WhitQ 3, 297, 1879; 4, 22, 1880. W. Bell county, 
Texas. Same as foregoing. 

ANATINIDAB. 

♦AuATiNA SULOATINA, Shum. 3, 204, 1862. N. Chatfield Point, Navarro 
county. 



* It is doubtful if any of the following species should be called Panopaea or Pachyma, but 
as it is here impossible to revise the generic nomenclature, the authors' names are retained 
for this group. See Me^, "Invertebrate Paleontology," pp. 248-249. 
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LiopiSTHA (CARDIUM?) SLEGANnTLUM, Roem. 1, 405, 1849; 2, 48|, 1852. A. 
Waterfall of Guadalupe, New Braunfels. 

MACTRIDAB. 

Maotra tkxana, Con. 1, 269, 1855; 2, 148, 1857. G.? Prairie between 
Laredo and Rio Grande City. 

MYIDAB. 

♦CoBBULA GBAYBONEN8I8, Shum. 2, 603, 1860. F.B. Post Oak creek, Gray- 
son county. Associated with Ostrea heUaplicaia^ Shum., and O. congesta. 

Con. 

♦CoRBULA TUOMKYi, Shum. 2, 604, 1860. F.B. Four and one-half miles 
north of Sherman, Grayson county. Probably same as C, eaudcUa, Tuomey. 

♦CoRBULA, sp. no v., SilL 

Seen in Caprina limestone from Gillespie county in collections of State Geo- 
logical Survey of Texas. 

*Neaera alaeforhis, Shum. 3, 203, 1862. F.B. Bluffs of Red river, 
Fannin county. 

pholadidab. 

Teredo tibialis, Con., Whitf. 1, 1889. No locality given. 
*Teredo, sp. ind. Roem. 1, 408, 1849; 2, 44, 1852. F.B. Ford of Gua- 
dalupe, near New Braunfels. 

GASTBOPODA. 

PliEUROTOMORIIDAB. 

*Pleurotomaria austinensis, Shum. 3, 198, 1862. W. Near Austin, Texas. 
A common characteristic species of the Washita limestone. 

PHASIANBIililNAB. 

*Pha8ianella pebovata, Shum. 2, 597, 1860. F. Comanche Peak, in 

Parker county, near Brazos river. 

A common characteristic species of the Fredericksburg division. 
♦Phasianella, sp. ind., Roem. 1, 414, 1849; 2, 38, 1852. A. Waterfall of 

Guadalupe, New Braunfels. 

TROOHINAB. « 

Troohus texanus, Roem. 4, 1888. H. Barton creek, west of Austin. 

IfBRITlDAE. 

NERimiA NEBRAsoENSis? Meek and Hayden, Hill 3. T. Between Granbury 
and Weatherford. 

*Neritopsi8 biangulatus, Shum. 2, 598, 1860. F.B.? Alexander's Bend 

of Red river, Grayson county. 

Associated with Iiwceramus problernaticus and Hamttes.fremonti, 
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SOIiA&IIDAB. 

Solarium planorbis, Roem. 4, 1888. H. Barton creek, west of Aiistin. 

SCAIiARIDAE. 

^SoALABiA (boala) BI0ABINI7EBA, Shum. 3, 197, 1862. A.? Bla& of Red 

river, Lamar county. 
*Sgalaria (scala) forsheti. Meek, Sbum. 3, 195, 1862. N. Ghatfield Pt, 

Navarro county. 
♦SoALARiA LAMARKN8I8, Shum. 3, 197, 1862. F.B.? N.? Blufb of Red 

river, Lamar county. 
♦SoALARiA, sp. ind., Hill. North of Webberville. 

TVRRITEIililDAB. 

^TxTRRiTELLA coRsiOANA, Shum. 3, 196, 1862. N. Near Gondcana and Ghat- 
field Pt., Navarro county; also Webberville, 10 miles east of Austin. 
This is very near T. ttppanaj Gon. 

♦TuRRiTiLLA iRRORATA, Gou. 1, 268, 1855. W.? Between El Paso and 
Frontera. Probably same as 7! seriatim granukUa Roem. 

TuRRiTBLi^A? LE0NENSI8, Gou. 2, pi. 21, fig. 7. F. W. E.A. A persistout 
species whose generic identity is still doubtful. 

TuRRiTSLLA MARNOOHi, White 2, 314, 1879. W. Vicinity of Helotes, Bexar 
county. See remarks on 7*. trroroto, Gon. 

TuRRiTELLA PLANiLATERis, Gou. 2, 158, 1857. W. Associatod with Lima 
leanensis and Astarte crassifibra f See remarks on T. irronUa, Gon. 

TuRRiTELLA SERiATiM-GRANULATA, Roem. I, 413, 1849; 2, 39, 1852. F.? Fred- 
ericksburg. 

*TuRRiTELLA wiNOHELLi, Shum. 3, 196, 1862. N. Near Ghatfield Point and 
Gorsicana, Navarro county. 

YERMETIDAE. 

Vbrmstus (Serpula), sp. ind.. Hill 3. T., etc. Gypsum Bluff, Arkansas. 
Indeterminate species found throughout the two Gretaceous formations of 
Texas. 

naticidae. 

The reference of many of the casts of the Gomanche series to the genus 
Natica is of doubtful value, and none of the forms so assigned are satisfactory. 
I have seen no true Naticas in the Lower Gretaceous, but they are beautifully 
preserved in the Eagle Ford shales and in the Navarro beds, the latter being 
of the type of N. rectilahrum^ Gon. 
Natica? (amauropsis?) avellana, Roem. 4, 1888. H. Barton creek, west 

of Austin. 

The generic determination of this calcite pseudomorph is very doubtful. 
Resembles the Straparollus-Yike Solarium, 
Natica collina, Gon. 2, 157, 1857. W.? Between San Pedro and Rio Pecos. 
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Natioa? tbxana, Con. 2, 157, 1857. W.? Between Rio San Pedro and Pecoe. 
♦LuNATiA? (natioa) AOUTispiRA, Shum. 2, 597, 1860. F. Parker county, 

near Brazos hver. 
Ttlostoma? (natioa?) pkdkrnalis, Roem. 1, 410, 1849; 2, 43, 1862. P. 

Fredericksburg. 

This common characteristic form of the Fredericksburg division is referred 
to the genus Natica with great doubt. It ranges from the Upper Jurassic 
into the Lower Cretaceous of Europe. 
♦Ttlostoma? (natica?) pr^egrandis, Roem. 1, 410, 1849; 2, 44, 1862, F.? 

Fredericksburg, Pedemales river. 

"This belongs near the form of the Portland chalk N. ffigas, Bronn." — 
Roemer. Probably same as N. f pedemalis. 

PAIiUDINIDAE. 

ViviPARA? oassatotknsis. Hill, 3. T. Ultima Thule, Arkansas. 

Mr. Jules Marcou has referred this species to Natica^ but I think incorrectly. 
See "American (Geologist," Dec, 1889, and Jan., 1890. 

VmPARA ( PLEUROGERA ) 8TR0MBIF0RMIS, Schloth., Hill 3. T. WeSt of 

"Weatherford. 

PTRAMIDELLIDAE. 

EuUmaf subfusiformis, Shum. 1, 182, 1854. F. A doubtful species. 
EuLiMA? texana, Roem. 1, 413, 1849; 2, 40, 1852. A. Waterfall, New 

Braunfels. 
Chemnitzia gloriosa, Roem. 1, 412, 1849; 2, 40, 1852. A. N. Waterfall, 

New Braunfels. Also occurs in Navarro beds. 
Chemnitzia occidentaus, Gabb 2, 186. F. W.? Choctaw Mission, I. T. 

Fredericksburg. 

I have seen this beautiful species at Benbrook, Tarrant county. 
Chemnitzia? (soalaria?) texana, Roem. 2, 39, 1852. A. Waterfall of 

Guadalupe, New Braunfels. 

IfERIlfEIDAB. 

Nerinba acus, Roem. 1, 412, 1849; 2, 42, 1852. F.? H. Fredericksburg. 

A characteristic species also of Barton creek or Caprina limestone. 
Nerinea austinensis, Roem. 4, 1888. H. Barton creek, west of Austin. 
Nerinea cultrispira, Roem. 4, 1888. H. Barton creek, west of Austin. 
Nerinea schottii, Con. 2, 158, 1857. H.? F.? Oak creek, near mouth of 

Pecos river. This species is beautifully preserved on the plains of the 

Pecos. 
Nerinea subula, Roem. 4, 1 888. H. Barton creek, west of Austin. 
Nerinea texana, Roem. 2, 41, 1852. F. Fredericksburg. Pedemales river. 

obrithiidae. 

Cebtthium austinensis, Roem. 4, 1888. H. Barton creek, west of Austin. 
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♦Cbbithium B0BQUEN8K, Shum. 2, 696, 1860. F. Near Boeque river, Bos- 
que county, Texas. Associated with Exogyra texana and Lima wacoensis, 

Cerithiuh oblitbbato-oranosum, Roem. 4, 1888. H. Barton creek, west 
of Austin. 

♦Ckbithium, sp. ind., Roem. 1, 414, 1849; 2, 38, 1852. A. Waterfall, New 
Braunfels. 

APORRHAIDAB. 

Anohuba (Drspanogheilus) hudgeana, White 2, 312, 1879. F.B.? Denison, 

Texas. 

I have seen only one specimen — the type — ^in the National Museum at 
Washington. 

STROMBIDAB. 

♦PuGNELLUs DEN8ATU8, Cou. N. Corsicaua, Texas. 

RosTELLABiA? coLLiNA (cast), Cou. 1, 157, 1857. F. Between Rio San Pe- 
dro and Rio Pecos. Associated with NcUica colMna, 

RosTELLARiA HONPLEUBOPHiLA, Room. 4, 1888. H.? Bartou creek, west of 
Austin. I am doubtful about this locality. 

♦RosTELLABiA, sp. iud., Room. 1, 414, 1849; 2, 38, 1852. A. Waterfall, New 
Braunfels. 

FICUIilDAE. 

Ficus (Pybifusus) gbanosus, Shum. 3, 196, 1862. N. Chatfield Point, Na- 
varro county. Also at Webberville, 12 miles east of Austin. 
Ficus SUBDEN8ATUS, Cou., Shum. 4, 1862. Navarro county, 

BUCCINIDAB. 

BucoiNOPSis ? ooNBADi, Hill 3. T. Gypsum Bluff, Ark. 
BucciNOPSis? PABBYi, Cou. 2, 157, 1857. F. ? Between Rio San Pedro and 
Rio Pecos. 

PURPURIDAB. 

PuBPUBA CANCELLABiA, Shum. 4, 1862. N. Navarro county, Texas. 
Rapella supbaplioata. Con., Shum. 4, 1862. N. Navarro county. 

FUSIDAE. 

Fusus? (TuBBis?) pedebnalis, Roem. l, 414, 1849; 2, 38, 1852. H. Fred- 
ericksburg. This beautiful species occurs in the Caprina or Barton creek 
limestone. 

♦Fasciolabia, sp. ind., Hill. N. North of Webberville. 

♦Pybula, sp. ind., Roem. 1, 415, 1849; 2, 137, 1852. A. Waterfall, New 
Braunfels. 

yolutidab. 

VoLUTiLiTHEs NAVABBOENsis, Shum. 3^ 192, 1862, Near Corsicana, Navarro 
county. 
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VoLUTA (RosTELUTES ?) TBXANA, Con. 1, 268, 1866; 2, 158, 1867, G. Eagle 
Pass. Texas. 

PliEVROTOnilDAB. 

♦Plburotoma pkdkrnalis, Roem., (Jabb 1, 264, 1872. F. ? Nugal, Chi- 
huahua. I fail to find where Roemer described this species. 

♦Pleurotoma texana, Shum. 3, 197, 1862. N. Near Red River, Lamar 
county. Associated with Cucullcea mtllestrtata and Scalaria lamarensis, 

Pleubotoma tippana, Con., Shum. 4, 1862. N. Navarro county. 

ACTABONIDAE. 

♦AcTAEON (Tornatella) TEXANA, Shum. 3, 194, 1862. F.B. Red River, 

Lamar county. 
SoLiDULA RiDDELLi, Shum. 3, 194, 1862. N. Navarro county, Texas. 
AcTABONSLLA (volvulina) dolium, Roem. 1, 411, 1849; 2, 43, 1852. F. 

Fredericksburg. 
♦CiNULiA (Rinoinella) acutispira, Shum. 3, 193, 1862. F.B. ? Red River, 

Lamar county. 
♦CiNULiA (Rinoinella) pulchella, Shum. 3, 192, 1862. N. Chatfield 

Point, Navarro county. 
♦CiNULiA (Avellana) subpellucida, Shum. 3, 193, 1862. N. Bluffs of 

Red River, Lamar county. 
♦Cinulla. (Avellana) texana, Shum. 2, 597, 1860. F. Near Bosque river, 

Bosque county. Associated with Exogyra texana and Ammonites pedemalts, 

BUIililDAE. 

Globiconcha? coniformis, Roem. 1, 411, 1849; 2, 42, 1862. F. ? Freder- 
icksburg, Pedernales river. 

Globiconcha? elevata, Shum. 1, 182, 1864. F. ? Cross Timbers, Texas. 

Globiconcha? planata, Roem. 1, 411, 1849; 2, 42, 1862. H.? or W.? 
Waco Camp, eight miles above New Braunfels. 

Globiconcha? (Tylostoma?) tumida, Shum. 1, 182, 1864. F.? "Cross 
Timbers,'* Texas. 

^Globiconcha ? sp. nov. V. A very large undetermined species of Globi- 
concha 7 Occurs in the Shoal creek or Yola limestone. 

♦Cyuchna minuscula, Shum. 3, 195, 1862. N. ? Red river, Lamar county. 

♦Cylichna (Bulla) sp. ind. A. Occurs in Austin chalk at San Antonio. 

♦Cylichna seoalina, Shum. 3, 195, 1862. N. Corsicana, Navarro county. 

♦Cyuchna stbl^tella, Shum. 3, 194, 1862. 

siphonariidab. 

Anisomyon haydeni, Shum. 3, 198, 1862. N. Chatfield Point, Navarro 

county. 
♦Anisomyon, sp. ind. A. I have seen an undetermined species of Anisomyon 

in the Austin chalk from San Antonio. 
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CEPHALOPODA. 

The CkphaXopoda of the Texas region are greatly in need of biologic revision. 

IfAUTIIiOIDEA. 

Nautilub dekati ? Mort., Shum. A.? G. Specimens from the Austin 
chalk, mostly moulds, can be referred to this species. It also occurs in 
the glauconitic beds of Southwestern Arkansas, as well as in other regions 
of the United States Also, N. Shum. 4. 
♦Nautilus kleqans, Sow., Roem. 1, 418, 1849; 2, 37, 1862. W.? Water- 
fall, New Braunfels. The identity of this specimen is uncertain, but I am 
inclined to believe it the same species as N, texanuSf Shum. 
♦Nautilus sdiplkx. Sow., Roem. 1, 418, 1849; 2, 37, 1852. A. Water- 
fall, below New Braunfels. 
♦Nautilus texanus, Shum. 2, 690, 1860. W. "Near Austin." Also 
hlnSB of Red river, Grayson county. Associated with Macraster f degaru 
and Ostrea sttbovcUa. Compare N, degans and N, pseudo-eUgana^ d'Orb. 
♦Nautilus, sp. nov., Hill A well defined species from the Shoal creek 

limestone at Austin. 
Cbiooeras (anotlogeras ?) TEZANUS, Hill 4, 1889. Fort Wayshita, L T. 
(Reported.) 

This supposed new species, described by me from a specimen alleged to 
have been taken from the cretaceous rocks of Fort Washita, Indian Terri- 
tory, is pronounced by Prof. Alpheus Hyatt, of Boston, to be Lituites hick- 
morea/nttSf Whitfield, a nautiloid species originally found in the Niagara lime- 
stone of Wabash, Indiana. As I have been informed by other paleontolo- 
gists that they have seen the same species from the Washita limestone, it is 
with the gravest doubts that I withdraw it from the cretaceous faima, in def- 
erence to Prof. Hyatt's opinion as the authority on the Ammonoidea. 

AMMONOIDEA. 

Ammonites acuio-carinaius, Shum. 1, 183, 1854. F. Cross Timbers, Texas. 
Same as A. peruvianuSf Von Buch. 

Ammonites bslknapii, Marcou 1, 34, 1868. W. Near Denison, Texas. Re- 
sembles the outer whorls of A. peruvtanus, Von Buch. 

♦Ammonites bbazoensis, Shum. 2, 594, 1860. W. Shoal creek, near Aus- 
tin, and in Grayson and Fannin counties; also in McLennan county, and 
near Fort Washita, I. T. 
<* Attains a greater size than any species seen in the Cretaceous of Texas. '* 

Compare A, leonenstSj Con. 

Ammonites dentato-cabinatus, Roem. 1, 417, 1849; 2, 33, 1852. A. Water- 
fall of Guadalupe, New Braunfels. Occurs in upper part of Austin chalk, 
at Austin. 

Ammonttes flacgidicosta, Roem. 2, 33, 1862. E. F. Waterfall of Guada- 
lupe, New Braunfels. 
Compare A. geniculatus, Con. 
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Ammonites gentculatusy Con. 2, 159, 1857. W. Bed of Rio San Pedro, and 

Leon Springs, Texas. 

Same as above? 
Ammonites gibboniantUy Lea, Marcou 1, 35, 1858. W. Elm Fork of Trinity, 

Fort Worth. 
AMMomTES GBATSONENSis, Shum. 2, 593, 1860. F.B.? Fannin county, near 

Lowell's Bluff; also 4 miles north of Sherman, Grayson county. .4^»oci- 

ated at latter locality with Scaphiies vermiculus. Fig. in White 2, species 

indefinite. 
Ammonites ouadalupak, Roem. 1, 416, 1849; 2, 32, 1852. A.? Waterfall 

at New Braunfels. 
♦Ammonites inequipucatus, Shum. 2, 591, 1860. F.? Gramet's Bluff on 

Red river, Fannin county. Associated with A. swaUorii and A. meekianus. 
Ammonites {Placenticeras) lenticulare^ Meek 2, 475, 1876. See A. pleurisepta^ 

Con. 
Ammonites leonensis. Con. 2, 160, 1857. W. Occurs throughout extent 

of Washita at Fort Worth, Salado, Austin, and other localities. 
Ammonites maroiana, Shum. 1, 183, 1854. Cross Timbers, Texas. 

Species poorly defined and figured, and locality indefinite. Of doubtful valua 
♦Ammonites meekianus, Shum. 2, 592, 1860. W.? Near Post Oak creek, 

Grayson county. Associated with A. swallovii. 
Ammonites, of noricus type, Hill. T. Differs from A. cordiformis (Meek and 

Hayden, ^'Paleontology of the Upper Missouri," p. 122), by its flattened 

keel. 

An abundant species in the arenaceous beds at the base of the Comanche 
series. Cow creek beds, near Travis Peak. 
Ammonites pedernalis. Von Buch, Roem. 1, 418, 1849; 2, 37, 1852. F. 

Fredericksburg. 
Amm^mites pedernalis^ Brinkhorst 1, not Von Buch. This is A. pleurisepUi, Con. 
Ammonites pebuvianus. Von Buch, Marcou 1, 34, 1858. F. Elm Fork of 

Trinity, Fort Worth. 
Ammonites (Placenticeras) placenta, De Eay, Meek 2, 468, 1876. G.? 

Meek reports this species from Texas in his <^ Invertebrate Paleontology," 

without giving specific locality or horizon. 
Ammonites pleurisefta, Con. 2, 159, 1857. Jacun, 3 miles below Laredo; 

also at Eagle Pass and other points. 

This species has been confused with A, pedernalis, Roem., and with A, len- 
ticula/re by Meek. 

Ammonites shumardi, Marcou 1, 33, 1858. W.? Near Denison, Texas. 
Ammonites swallovii, Shum. 2, 591, 1860. N. ? Four and one-half miles 
north of Sherman, Grayson county. Also, bluffs of Red River in Fannin 
and Lamar counties. Fig. in White 2. 
Amm^mites texanus, Roem. 1, 417, 1849; 2, 31, 1852. A. Waterfall, New 
Braunfels. Also at Austin. Same as A, vespertinus, Mort. 
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AiCMONiTES (mobtoniobras) YBSPERTiNns, Mort 1, 40, 1834, pL zvii, fig. 1. 
A. Plains of Eiamesha, I. T. Characteristic ammonite of Austin chalk. 
Beautifully figured in Roem. 2 under name of A, texcmtu. This species is 
the type of Meek's genus MortoniceraSj and I am inclined to think it identi- 
cal with his M, shoshonense. 

MorUmiceras shoshonense, Meek, Schlueter. F.B. ? See remarks on preceding 
species. 

Ammonites Walcotti, Hill (not Sowerby). T. Murfreesboro, Ark. 

Ammonites (Prionogtolus) woolgari, Mant. F.B. Smith's Branch, Texas. 
From near Heliotes, Bexar county, White. Ward's and Howell's Col- 
lege collection of Paleontology, Rochester, N. Y., 1882. Also, White 2? 

Anoylooeras ? ANNULATUS, Shum. 2, 595, 1860. F.B.? Shawnee creek, 
Grayson county, in nodules of clay iron stone imbedded in indurated 
marly clay near base of Lower (Upper) Cretaceous. Fig. in White 2. 

Hamitbs fremonti, Marcou 1, 36, 1858. W. ? Preston, on Red river, due 
north of Denison. I think I have collected the same species west of Fort 
Worth. 

♦Hamites larvatus. Con. 1, 265, 1865. F.B.? Dallas county, Texas. 

♦Hamites rotundatus, Con, 1, 266, 1855. F. B.? (Cast.) Dallas county. 

*Pttohooera8 texanus, Shum. 3, 190, 1862. N. Near Chatfield Point and 
Corsicana, Navarro county. 

Turrilites brazoensis, Roem. 1, 415, 1849; 2, 37, 1852. W. Brazos river, 
thirty miles above Torrey's trading house. Characteristic of the Washita 
limestone from Denison to Heliotes. 

*Tx7RRiLiTEs HELLiciNus, Shum. 3, 191, 1862. N. Chatfield Point and Cor- 
scana, Navarro county, Texas. Associated with Turrilites splendidus. 

Turrilites irridens, Schluet. '^Austin, Texas." F.B. ? I have not seen 
this species, and the locality as given is indefinite, as all the horizons of 
the Cretaceous are within a short distance of Austin. 

^Turrilites splsndidus, Shum. 3, 191, 1862. N. Chatfield Point, Navarro 
county. 

Turrilites tridens, Schluet. F.B. ? 

Turrilites vARiANs, Schluet. 1. F.B. ? "Austin, Texas." 

♦Heliocerab NAVARROENsis, Shum. 3, 190. 1862. N. Chatfield Point, Na- 
varro county. Associated with Ptychoceras texanus. 

Baculites ANCEPs, Lam., Roem., 1, 416, 1849; 2, 36, 1852. A. Waterfall, 
New Braunfels. 

♦Baculites ANNULATUS, Con. 1, 265, 1855. N. Dallas county, Texas. 

♦Baculites ASPKR, Mort., Roem. 1, 416, 1849; 2, 36, 1852. A. Waterfall, 
New Braunfels. 

Baculites gracilis, Shum. 2, 596, 1860. F.B.? Shawnee creek, in Gray- 
son county, in nodules of argillaceous iron stone with Hamites (Ancyloceras) 
annttkUus, 

Bacuutes spillmani, Con., Shum. 4, 1862. Navarro county. 
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Baotjutes tippaha, Con,, Shum. 4, 1862. Navarro county. 

SoAPHiTES SBMioosTATus, Roem. 2, 35, 1852. F.B. Ford of Guadalupe, 

New Braunfela. 
SoAPHiTBS TEXANUS, Roem. 2, 35, 1852. F.B. Ford of Guadalupe, New 

Braunfels. Related to 8. vermiformis^ M. & H. See Meek 2, p. 424. 
♦SoAPHiTKS (Macboscaphitks) vERMiouLus, Shum. 2, 594, 1860. N. ? F.B.? 

Marly clay, four miles north of Sherman, Grayson county. See Meek 2, 

p. 419. 
*SoAPHiTE8 YEBMioosus, Shum. 3, 189, 1862. N. Near Dresden, Navarro 

county. Probably same as 8. vrisy Con.; '* Journal Acad. Nat. Science, 

Philadel," n, s,, Vol. Ill, pL 25, fig. 3. 

DIB&ANCHIATA. 

*BsLEMMiTKLLA MUOBONATus. G. Collected at Terrell, Texas, 1889. 

CBUSTAOEA. 

CIRRIPBDIA. 

^SoALPELLUM INEQUIPLIOATUM, Shum. 3, 199, 1862. N. Chatfield Point, 
Navarro county. 

BRACHTURA. 

Paramithrax? walkibi, Whitf., White 4, 37, 1880. A.? Near San An- 
tonio, Texas. 

Graptooargikus TEXANUS, Rocm. V. " Neues Jahrbuch Mineralogie, G^eol• 
gie, und Paleontologie," 1887; 1st Band., 2d Heft., p. 175. Shoal creek 
or Vola limestone, erroneously attributed to Austin chalk. 
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LISTS OF FAUNAS. 



FAUNAS OF THE VARIOUS HORIZON^ OF THE TWO CRE- 
TACEOUS 'FORMATIONS OF TEXAS. 

All species are given. For revision see Check List 

A dagger ( f ) indicates those species which are doubtfully referred to the horizon in 
question. 

A— COMANOHE SERIES. 

FAUNA OF TRINITY SANDS. 



Escharay sp. ind. 

Osirea franklini, Ooquand. 

Ostrea lyoni^] Shumard. 

Ostrea sttbovatay Shum. 

Anomtaj sp. ind. 

Area grattotay Hill. 

Area parva-missourtensisy HilL 

Area proutta7My^ Shum. 



Corhicula pikensiSy HiU. 
Neritina nehrascensiaf M, and H. 
Vermeius (Serptda), sp. ind. 
Viviparaf cassatotensisy HiU. 
Pleurocera strombifonnisy Schloth. 
Buccinopsisf conradi, HiU. 
AmmoThiteSy noricus type, HilL 
Ammonites walcotUiy Hill, not Sow. 



Cyrena arhmsaensisy HiU. 

And unstudied forms. 



FAUNA OF LOWER OR FREDERICKSBURG DIVISION. 



COMANCHE PEAK AND ALTERNATING BEDS. 



OrbtttUites (^Ttnoporus) teocanuSy Roem. 

Diadema texaruiy Roem. 

Cyphosoma teocanay Roem. 

HoUctypus planaiusy Roem. 

Toxa^ier teocanay Roem. 

Bjscharay sp. ind. 

Ostrea corteXy Con. 

Ghryphcea calceohiy Quencedt, M. and H. 

OryphcBa pttchert, Mort. 

ChryphGRapitcherXy Mort. var.Naviay HaU. 

Bkcogyra flabellatay Goldfuss. 

Exogyra maiherontanay d*Orb. 

Exogyra texanay Roem. 

Ostrea crenuHmargOy^ Roem. 

Ostrea subovatay Shum. 



Gyprinaf sp. ind. 
Isocardtafep, ind. 
Cyprteardia texanay Roem. 
Ventisf sp. ind. 
Cytherea (Dione) texanay Con. 
Linearia (Areopagia) texaruiy Roem. 
Linearia (^Solenf) irradianSy Roem. 
Solenf eleganSy d*Orb. 
Pholadomya pedemaliSy Roem. 
Pholadomya texanay^ Con. 
Homomya allOy Roem. 
Panopceaf newberry ty Shum. 
Thracia myceformisy White. 
Panopceaf texanay\ Shum. 
PanopcBaf regularisy\ d'Orb. 



i 
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Lima kimbaUij\ Gabb. 

Lima wacoensis, Roem. 

Lima leonenstSj Con. 

Peeten duplicosta^\ Roem. 

Pecten quadricostatus? Sow. * 

Neithea occidenialisj Con. 

Pecten texanuSy Roem. 

Aviada convexo-plana^ Roem. 

Avicula pedemaliSf Roem. 

MytiltLs tenuttestaj Roem. 

Modiola concenirica-costeUatay Roem. 

Modiola pedemalisj Roem. 

ArcUj sp. ind. 

CucuUcea terminaUs, Con. 

Trigonia crenulata, Lam. 

Carditaf ewiinttZa,| Con. 

Astarte texana, Con. 

Astarte washitaensiSf^ Shum. 

DiceraSj^ sp. ind. 

Monopleura, sp. ind. 

Bequienia (Caprotina) texana^ Roem. 

Fimbria striato-costaiaf d*Orb. 

Arcopagia ieocana, Roem. 

CorbtSf sp. ind. 

Cardium mediate^ Con. 

Cardium transversahf^ Roem. 

Papyridta? ( Ca/rdiwm ) sanci%'Sah<By\ 

Roem. 
Protocardia (^Cardium) hrazoense, Shum. 
Protocardta ( Cardium) coloradoense^ 

Shum. 
Protocardia (^Cardium) filosumj^ Con. 
Protocardia (^Cardium) hiUanumj Sow. 
Protocardia (^Cardium) muUistriaiumy\ 
Con. 



Packymaf ( Oyprica/rdia f ) texana^ 

Roem. 
Pachymaf compa^cta^ White. 
Pinnay sp. ind, 
Pfuma/neUa perovata, Shum. 
Phasia/t^ella, sp. ind., Roem. 
Turritdla seriaiim-grantdata^\ Roem. 
Vermetus (^Sefpula), sp. ind. 
LunatiaP (Naiica) acuiispira, Shum. 
Tylostomaf(Naticaf)pedemalisy Roem. 
lylostoma f (Naiica f) pra^egrandisy 

Roem. 
Bulimaf subftmformisy Shum. 
Chemnttzia occiderUaJiSj Gabb. 
Nerinea acuSy Roem. 
Nerinea texana, Roem. 
Cerithiwm, austinenais, Roem. 
Cerithium bosquensCy Shum. 
Rostellariaf caUira^ Con. 
Bucdnopsisf parryiy Con. 
Pleurotomaf pedemalis,^ Roem. 
Actaeonella ( Volvulina) doUwm, Roem. 
Oinulia (avellana) texana^ Shum. ^ 
Olobiconchaf coniformisy Roem. 
Olohiconehaf etevatOj Shum. 
Olobiconchaf (^lylostoma?) tuhrtday^ 

Shum. 
Fusus pedemaJiSf Roem. 
Ammonites acutO'Camia^ttiSj Shum. 
Ammonites gtbbonianus,^ Lea. 
Ammonites inequiplica/tuSj^ Shum. 
Ammonites pedemalisj Von Buch. 
AmTnoniets peruvianuSj Von Buch. 



FAUNA OF GAPBINA LIMESTONE. 



Cladophyllia furcifera^^ Roem. 
Coelosmtlia americanay Roem. 
Pa/rasmilia jiustinensis, 
Pleurocora ooalescens, Roem. 



Hippurites itxanusy\ Roem. 
Lucina acute-lineolata, Roem. 
Cyrentty sp. nov. ' 

Pholadomya texana,^ Con. 



Lists of Faunas. 
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Void {Janira!) wrighiii, Shum. 
Requi^ia pdLagiata, White. 
Requienia {^Caprotina) iexana, Roem. 
Monopleura marctcfo, White. 
Monoplewa avhtriquetra^ Roem. 
Monopleura ptngtuscuUif White. 
Monoplewra texanay Roem. 
Caprtna crasstfibraj Roem. 
Caprtna guadalupdCf Roem. ' 
Caprina plcmaiay\ Con. 
Caprtna texana, Roem. 
Plagioptychus ( ^^ Rudtstes " ) cordatuSy 

Roem. 
Ichthyosarcolithea anguis^ Roem. 



CorbtUoj sp. nov., Hill. 

Irochus teaca/MiSy Roem. 

Solarium pUmorhts, 

Natica]? ( Amauropsts f ) avellana^ 

Roem. 
Nerinea acfl», Roem. 
Nerinea austin^nsis, Roem. 
Nerinea cuUrispira^ Roem. 
Nerinea schoUiiy Con. 
Nerinea suhula, Roem. 
Cerithium ohiaeraio-ffranosum, Roem. 
RosteUaria monpleurophilaj^ Roem. 
Fususf (lurrisf) pedemalis, Roem« 
Ohlneonckaf pla/naiaj\ Roem. 



FAUNA OF GAFBOTINA LIME8T0NB. 



Hemicidarisj sp. ind. 

Mcogyra flahellata, Qoldfuss. 

Exogyra niatheronia/naj d'Orb. 

Exogyra texana^ Roem. 

Vola (Janira) wrightiiy Shum. 

DiceraSy sp. ind. 

Requienia (Caproiina) bicomisy Meek. 



Requienia (Caprotina) ieouma^ Roem. 
Caprina crassifibra^ Roem. 
Caprina teocanOy^ Roem. 
Plagioptychus ("Rudistes'*) cordatuSy^ 

Roem. 
Hippurites texanuSy Roem. 
Nerineay sp. nov. 



FAUNA OF WASHITA DIVISION. 



WASHITA LIMBBTONB SUBDIYIBION. 



Nodosaria texa/nay Con. 
Cidaris hemigranosusy Shum. 
JSoIectypus planaittSy Roem. 
Oalerites (Discoidea)y sp. nov. 
Holaster conumchesi,^ Marcou. 
Holaster simpleXy Shum. 
Macraster texanuSy Roem. 
Hemiaster (Macrasterf) elega/nSy Shum. 
loxaster eleganSy Shum., Con. 
lerebratula choctawensisy Shum. 
lerebratula leonensisy Con. 
lerebratula wacoensisy Roem. 
Ostrea vellicatay\ Con. 
Oryphcea fomiculcUay\ WTiite. 
Oryphcea pitcheriy Mort. 



Area subeUmgaiay Con. 

Irigonia crenulatOy^ Lam. 

7rigonia emoryi. Con. 

Irigonia teoumay Con« 

Ca/rditaf eminulay\ Con. 

Asiarte (Stemsia) robbinsiy White. 

Protocardia ( Cardivm) hiUanumy Sow. 

Protocardia (^Cardium) muUistriatumy^ 

Con. 
Protocardia {CwrdiunC) texanay Con. 
Cytherea (Dione) leonensiSy^ Con. 
Cyiherea (Dione) texanay^ Con. 
Pa>chymaf austinensisy Shum. 
Pa^hymaf oompactOy^ White, 
PUuTotomaria austinensiSy Sl^m. 
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Oryphaa piteheri, Mort. var, dUaiaiiOf 

Hill. Same as next 
OryphoBa washUaensiif Hill. 
Eaoogyra aqtnOa, QoMftisa 
Qryphaa sinucUa var, atnencanOf Mar- 

cou. • 

Bkogyra waUurty White. 
Ostrea carinaicL, Lam. 
Ostrea CTenvlim(urgo,\ Boem. 
Ostrea suhovaia^ Sham. 
Ostrea vdUeata, Con. 
PUcatula plaevneaf d'Orb? 
Spandyltis, sp. noT? 
Lima kunhaUt,^ Gkbbb. 
Lima wacoensis^ Roem. 
Lima, Uonensis, Con. 
PecUn qua^kicogtatas, Sow. 
Neithea occidentaiiSf- Con. 
Peden texanus, Roem. 
Vola (Janira) toriffhHij\ Sham. 
PinnOy Bp. ind.y Hill. 



PhasioMeUa permHMia,\ Shorn. 
lurrtteUa irrarat€i, Gem. 
lurnteOa mafnoM^ White. 
7\trritella planilatens, Con. 
Turriidla seriaHn^-grantdataff Roem. 
Vermehis (Serpula), np. ind. 
Nattca? coUinOj Con. 
Chemnitssia ocddentalisy^ Gabb. 
Globiconchaf planata,^ Roem. 
Nautilus texanusj Sham. 
Cephalopod {ffenus indeUrminate) lex- 

anusy Hill. 
Ammonites bellcnapiif Marcoo. 
Ammon^M bfwooensisy ShonL 
Ammonites genictUatuSf Con. 
Ammonites gibbontanus. Lea. 
Ammonites leonensisy Con. 
Ammonites marciana, Sham. 
Ammonites shumardiy^ Marooo. 
Hamites Jremoniiy Marcoa. 
Turrilites brazomsisy Roemer. 



FAUNA OF EZOOTRA ABIETINA 0LAY8. 



Ophiodeirma, sp. nov.f 
Holectypiuiy sp. nov. 
Oryphcea pitcheriy Mort 
Exogyra arietina, Roem. 



JBzoggra caprina^ Con. 
Nei0iea quadriodstatuSj Roem. 
TurriteUay sp. nov. 



FAUNA OF SHOAL 

Oryphoea pitcheriy Mart, var. narta. Hall. 

(at base only.) 
Exogyra fragosa; Con. 
Ostrea snb&wita, Sham. 
Peeten ( Vola) roemerty Hill. 
^Papyridea f ( Cktrdiwrnt ) sa/neti*sabaRy\ 

Roem. 
PtmapdBaf niguiatisy^ d'Orb. 
Panoposa sfiibpoiraUdoLy^ Sham. 
Verm^lku {seirpiM) i^. ind. 



OBKEK LIMBSTOKK. 

Olobieonchaf sp. nov. 
Nautilus texamtSy\ Shvan, 
AmmoniteSy sp. ind. 
Cerithium, sp. ind. 
TurriteUay sp. ind. 
Olycimerisy sp. ind. 
PinnOy sp. ind. 
Echinodermaia. 
Foraminiferoi, 



Lisis of Fauna^^ 



M 



Oatrea quadripUeata^ Shnin. 
Inoceromhus, noY. sp. 
Inocerovmns capuhts. 
Corbula tuomeyt, 
Corhula graysonestSj Shum. 
Pcmopaea suhpa/rallelo^ Shum. 
Nucula haydeni, 
Oervillia gregarta. 
2 apes kilga/rdi. 



FAUNA or. THE DBNISO^ BSSjB.* 

Oytherea lamareims, 
luriteUOf sp. ind. 
Ammonites graysonesis, Shum. 
Ammonites mequipliaUuSf Sham. 
Ammonites meekianus, Shum« 
Ammonetes stoaUovtt, Sham. 
Ancyloceras cbfrnukUus, Sham. 
Bcuculites gracUuSy Con. 
Scaphites venmcuku. Sham. 



B.— UPPEB OB BULOK P&AIBIB BEBIEa 



FAUNA OF LOWNB 0B088 TIMBKB 8ANDB. 



Oervillia gregaria, Shum. 
Aguillaria citmminsi, White. 
TurriteUaj sp. ind. 
AmmoniteSf sp. ind. 
Scaphites J sp. ind. 
Cerithiumy sp. ind. 

FAUNA OF EAGLE 

Isastrea discoideay\ White. 

Lingula^^ sp. ind. 

Ostrea congesta, Con. 

Ostrea heUapliaaia^ Shum. 

Ostrea hhuJcii^ White. 

Exogyra colwnbeUaf Meek. 

Anomia, sp. ind. 

Lima (Radulaf) erenulicosia,^ Roem. 

Avicula irridescensy Sham. 

Avicula planiuscutay Roem. 

Avioulaff stahilitatisy\ White. 

Oervillopsis {^^ Dalliaconcha^^ !) invagi- 

naUiy White. 
Inoceramus capvl'uSy\ Shum. 
Inoceramus confertim-anntUatus, Roem. 
Inoceramus cripsiiy^ Mant. 
Inoceramus exogyroides^^ Meek. 
Inoceramus involutuSy\ Sow. 
Inoceramus latuSy^ Mant. 



Osireay sp. ind. 
Corbiculay sp. ind. 
Arlniciay sp. ind. 
Teredoy sp. ind. 
Neritina, sp. ind. 

FORD SHALES. 

Cyprimeria crassa^ Meek. 

Oari (^Psafnmobia) canceUcUo-seulpta^ 

Roem. 
Corbfda graysonensis,^ Shum* 
Corbula tuomeyi, Sham. 
Neaera aliformis, Sham. 
leredo, sp. ind. 

Neritopsis biangulatusy\ ShuoL 
Scalaria 2amardnm,f Sham. 
Natica, sp. ind. 
Vermetus (Serpula), sp. ind. 
Anchura {^DrepanocheUus) mudgeana^^ 

White. 
Aeta>eon (^lomateUa) texana, Shum. 
Ginulia ( Binginella ) acutispira^ \ 

Shum. 
Cinulia ( AveUana ) st^fpeUucidaf \ 

Shum. 
Ammonites flaeddieosta, Roem. 



•ThM« beds Baoo««d th« WaahiU llmMtone from Fort Worth north ward. Son* of theoo fomu hftTO bo«i 
QnoBtlonabljpUoed In the Si^o Ford ahalea in the Ublee. These are quoted from lliamMd, "Trana. Acad. SeL 
of St. Lonla.' VoL I. 
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Inoceramus mytihides, Mant. 
Inoceramus mytilopnSy Con. 
Inoceramus problematicusf Schloth. 
CuculUza mtUestricUay Shum. 
Cttculloea mailUanaf d'Orb. 
Nucula bellastriata^j Shum. 
Nucula Iiaydeniy^ Shum. 
Nitcula serriatay^ Shum. 
Irtgonia aliformts, Qoldfusa. 
AstarU lineolata,^ Roem. 
Lficina sublerUtculariSf^ Shum. 
Cardtum choctawense, Shum. 
Venilxa (Gyprina) lapham%,\ Shum. 
Isocardia wa8h%ta,\ Marcou. 
lapes h%lgard%,\ Shum. 
Venus f sublamellosuSf^ Shum. 
Cytherea (^Dione) lamarenstSj^ Shum. 

FAUNA OF AUSTIN 

leoctulariay sp. incL 

Olobigerinaf sp. ind. 

Cassidulus aequoreus, Shum. 

HemicLster parasiahtSf Shum. 

Hemiasterf teocanus^ Roem. 

lerebratulina guadalupae^ Roem. 

Ostrea anomimfonntSy Roem. 

Ostrea congesta, Con. 

Ostrea subspatulay^ LyelL 

Oryphcea vesiculartSj Lam. 

Oryphcea vesiculartSf Lam., var. Aucella, 

Roem. 
Exogyra cohmbella^ Meek. 
Ezogyra cosiataj\ Say. 
Bkcogyra Uxviuscula^ Roem. 
Exogyra ponderosa, Roem. 
Ostrea larva^\ Lam. 
Anomia a^nomtoeformisy Roem. 
Spondylus guadalupaey Roem. 
Peden ntUsont, Qoldf uss. 
Arcttj sp. ind. 
Qervillopsts (" Dalluiconeha^^) invagi- 

nata. White. 



Ammonites graysonensts,^ Shum. 
Ammonites m.eekianuSy Shum. 
Ammxmites sv>aUovii,\ Shum. 
MorUmicera^ shosKonese,\ Meek. 
Ammonites {JPrionocydus) woolgarit\ 

Mant. 
Ancyhcera^f annulatuSy\ Shum. 
Hamites larvatus,\ Con. 
HamiUs rotundatus,\ Con. 
lurrilites irridensy\ Schluet. 
lurrilites tridens,^ Schluet 
lurrilites varianSy^ Schluet. 
Scaphites texanusy Roem. 
Scaphites semicostatusy Roem. 
Scaphites (Macroscaphites) vermtculusj^ 

Shum. 



DALLAS OHALK. 

Inoceramus undutato-plicatuSy Roem. 
Mytilus semiplicatuSy Roem. 
Modiola^ sp. ind., Roem. 
Pinna, sp. ind., Roem. 
Radiolites austinensisy Roem. 
Radiolites sabina^e, Roem. 
Radiolites austinensis, Roem. 
Psammobia canceUato-sculptay RoeuL 
Liopi^iha ( Cardium f ) elegantulum^ 

Roem. 
PJiasianeUoy sp. ind., RoenL 
Scalaria texana^ Roem. 
Scalaria (Scala) bicarinifera,\ Shum. 
RosteUa/riOy sp. ind. 
Eulimaf teocana, Roem. 
Chemnitzia gloriosay Roem. 
Chemnitziaf {Scalaria f) texanOy Meek. 
Cerithiumy sp. ind., Roem. 
Pyruhiy sp. ind. 
Cylichna (Bulla), sp. ind. 
Anisomyony sp. ind. 
Nautilus dekayif Mort. 
Nautilus eleganSf Sow. 



Lists of Faunas. 
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Inocffra/mus 
Inoceramus 
Inoceramus 
Inoceramus 
Inoceramus 
Inoceramus 
Inoceramus 
Inoceramus 
Inoceramus 
Inoceramus 
Inoceramus 



crips%%,\ Mant 
diverse-sulcatuSy Room. 
eacogyroides, Meek. 
tnvolutus^ Sow. 
latusy Mant. 
myttloideSy Mant. 
mytilopsisj\ Con. 
prohlemcU%cusf\ Schloth. 
striatus, Mant. 
suhquadratuSf Schlueter. 
umhonatusj Meek. 



Nautilus simplex^ Sow., Hoem. 
Ammonites dentato-carinatusy Roem. 
Ammonites guadalupaey\ Ro^m. 
Ammonites texanus, Roem. 
Ammonites (Mortoniceras) vtsperiinusy 

Mort. 
Mortoniceras shoshonensty Meek. 
Baculiies anceps, Lam. 
Baculites asper, Mort. 
Paramithraxf waUceriy^ Whitf. 



FAUNA OF EZOGTBA P0NDKB08A MABL8. 



Ostrta congesttty Con. 
Oryphoea vesiculariSy Lam. 
Exogyra costatay\ Say. 
Uxogyra ponderosay Roem. 
Ostrea larva^ Lam. 
Anomiay sp. ind. 



Amusium simplicumy Con. 
Camptonectes virgatusy Nils. 
Inoceramus cripsiiy Mant. 
Ficus (Pyrifusus) granosuSy Shiim. 
BactUiteSy sp. ind. 



FAUNA OF NAVABBO BEOS, OB UPPEB FOSSILIFEBOUS HOBIZON OF THE 

FONDEBOSA MABLS. 



Isastrea discoideay White. 

Ostrea owenanay Shum. 

Ostrea planovatay Shum. 

Chryphcea vesiculariSy^ Lam. 

Exogyra costatay Say. 

B!xogyra ponderosa^\ Roem. 

Ostrea larvay Lam. 

Pecten simplicus, 

Pecton burlingtonensis. 

Inoceramus cripsiiy Mant. 

Orassatella lineata, Shum. 

Orassatellaf parvulay^ Shum. 

Orassatella subplanaf Con. 

Lucina parvilineatay Shum. 

Liocardium (Pachycardium) spiUmaniy 

Con. 
lagelus (Legumen) ellipticumy Con. 
lagelus (SHigttaria) biplicata. 
Pholadomya degantula, 
Pholadomya lincecwni, Shum. 



Chemnitzia gloriosay Roem. 
Pugnellus densatusy Con. 
Purpura cancellariay Shum.? 
Rapa supraplicatay Con. 
Fasciolariay sp. ind. 
VohUilithes navarroensisy Shum. 
Pleurotoma rippleya/na, 
Pleurotoma texanay Shum. 
Pleurotoma tippanay Con. 
Solidula riddelliy Shum. 
Cinulia (Ringinella) pulcheUay Shum. 
Cinulia ( Avellana ) subpeUudda, f 

Shum. 
Cylichna minuscuUiy^ Shum. 
Cylichna secalinay Shum. 
Oylichna striatella^^ Shum. 
Anisomyon haydeniy Shum. 
Nautilus dekayif Mort. 
Ptychocerms texanusy Shum. 
lurrilites hdicinuSy Shum. 
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Pholadonkya tippana^ Shum. 
PanopcBaf subplicataj Shum. 
Anatina stUcattna, Shum. 
Scalaria [Scala) forsheyi, Meek. 
Scalaria lamarensisj^ Shum. 
Scalaruij sp. ind. 
lurriteUa corsicana, Shum. 
lurritella wincheUi^ Shum. 
lurritellja tippana^ Con. 
FKcus sttbdensatus. 
Vermetus (^Serpula)^ sp. ind. 



lurrilites splmdiduB^ Shum. 

Heltoceraa navarroensia, Shum. 

Bcuculites anntdatuSf Con. 

Baculites gracilis^ Con. 

Baculites spiUmani, 

Bcumlites tippaensisj Con. 

Scaphites (Macro8caphtte8)vermieulu8f\ 

Shum. 
Scaphites vertMcastu, Shum. 
ScalpeUum ineqmplicatwm^ Shum. 



FAUNA OF THE GLAUOONITIO BEDS.* 



Oryphcea vesicularisy Lam. 
Exogyra costaUif Say. 
Mcogyra panderosa^^ Roem. 
Ostrea larva, Lam. 
Anomta argeniartaf Mort. 
Amusitim simpUcvm, Con. 
Inoceramiis cripsii^ Mant. 
Inoceramtis texanusy^ Con. 
Irigonia ihoracicay\ Mort 
Liocardium (Pachycardium)sp%Uman% 
Con. 



Vermetus (Serpula), sp. ind. 
VoliUa (Rostdlitesf) teacana, Con. 
Naviilus dekayi^ Mort. 
AmriMmites pedemalts, Bijikhorst^ not 

Von Buch. 
Ammonites (^Placentio^ras) placenia,^ 

Dekay. 
Ammonites pleuriseptay Con. 
Belemintella micronatus, Meek. 



*Thl« dirlBion hM b«en l«Mk itttdled of »11 the TezM bMla, and taenoe ibis UbI doM not •i all approzimaU < 
pletoneas. 
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